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The present invention relates to cellul^&a variants, 
s i.e. endo~p.~l,4--g3.ucanase varisists, deriv«id fsroin a parental 
cellulase, i,B. «ndo~^~lf toy ^ubstittition, 
insertion and/or delation, which variant has a catalytic core 
domaiii, iji which the variant at position 5 holds an alanin*? 
residue (A), a ser.jne residue (S) , or a threonine residue (T); 
at positicrs 8 holds ds phenyiais^nine residue (F) , or & tyrosine 
residxie (Yj ; at po;sitiox> <■> holds q phenyldlarine residue. (F) , a 
tryptophan residue (V^) , or a tyrosine residue: (Y ■ ; at position 
10 holds an aspartic acid residue (D) ; .snd at position 131 
Holds mn sa^partijcs acid r©S;i4ufs (D) ; 

15 

Si8t«;i?aE0SPiiD suss? 

Celluia&es or cellvJloXytic enayss^s are suizyjses involved 
in hydroiyses of cellulose. In the hydrolysis of native cellu- 
lose ^ it is Xnovn that tb^re are thre^ jsajor types of ceilulase 

20 enaysses involved, Jiasiely celioMohydrolase (I 4~0~D~glacan 
cellobiohydrolase^ EC 3,2«i»91) , endO"|3»l , 4~giucanaae (endo- 
l.^i-p-D-Qlucan 4~giucanohydrolase* EC 3,^.1x4} and ^-glucosida- 
(EC 3,2,1.21). 

Especially tho ^.:Kh, u 4-Q:ucaMa'~>^ ^ n-.^- ,,,^,i.<~> 

25 constitute ar jnterestinq group ot hv<lroids>e,» icx cne iRefiCior^ed 
irsdustrial uses. Endoqlucanases catalyses ondo hydrolyf^i?"- of 
t, 4-0~^-"9-^y*--o^-idic linkaqes in cellulose^ ceilulos-:! derivj^i: ives 
(such as carboxy snethyl cellulose and hydroxy cthy ■ ilu 10;;;o) 
licbenln, ^-1*4 bonds in j»ixe<2 fJ-l^J gltscans such as c«reai ,8-D~ 

30 giucans or xyiogl-ucans and other |>iant ^at^rial containiiiij cel~ 
3u3osic p<irt«. The authorised name is endo~l,4~p-~D~giucan 4~ 
f-j xixcnno hydrolase, but the abbrev lasted terj? ends, v.jiu .^^snasr i« 
xised in th'? present specification. Reference cas) be made to T,- 
M< Snveri, "Microbial Cell\< m Vf.M, Fogarty, Microbial 

En7,y«5«ts and Biotechnology, Applied Science Pubiisnera^ p, iB) - 
224 (1SS3); ^^ethods in Enzysaology, (isas) Vol. 160, p. 200-391 
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C«dlt;<i<3 toy ^ood^ and Keliogg, S.T,) ? 8§g«.m, F „ , "Molecu- 

lar Biology of Celitiiose Degradation'*, Annu. Rev, Kicrobiol. 

, Vol. 44, pp. B^gwi«, F. and Aubert,- J~P, , "The 

jaiological degradation of ceIittio«®«% FEKS Microbiology Reviews 
5 13 (19§4) p,as«58; Kenrissat, B., "CSiilulases aBd their inter- 
action with ceXi\alose*S cellulose C19§4), Vol, l, pp. 169-196. 

Coliulasss are aynthesixed by a large number of microor- 
gajsisms which include fungi, actinojsyc^tes, ssyxobacteria ahd 
true bacter-ia but also by plants. Especially endoglucanases ot 

10 a wide variety of specificities have been identified 

A very ijs5port«$nt industrial use of cellulolytic enKy,jn«s 
is the use tror trsat?aent oi" ceiiulosic textile or fabric, «i«g. 
as ingredients in determent coisposit Ions or fabric softener 
cos^.pcsiticns,. tor bio~po.l Ishxnq oi jjchs' fabric (cjarment f • n- 

l& isbing) , and tot obtaining a "stone-washed" look of ceiluiose- 
containirsg fabric, especially denxjp^, and several nsethods for 
sxicb treatment have been suggested, e,g. in OB-A.-I 3g8 599, EP~ 
A-O 307 564 and 43S ^50 9X/X7243, m 91/10732, WO 

91/17244, FCt/DKS5/0OOlOS and PCT/DK9S/00132 , ?^noth«r iiaportant 

20 indiastrial uss of ceUulclytic ensymes is the use for treatment 
of paper pulp, e*g, for ijsproving the drainage or for deinking 
oi reeycled paper* 

It is also known that ceiluXases stay or sssy not have a 
cellulose binding domain {Si CBD) < Th« CBD enhances the binding 

25 at the engynse to a cellulose-containing fiber and increases the 
efficacy of the catalytic active part of the enxyssc; 

Fungi and bacter^-s produces^ a epectriro of eel luloXytic 
ensymes (ceilu lasses) which, on the basis of seguencc 
similarities (hydrophobic clusiter anaK'sis), can be c.lassifiod 

30 into different fapiiics of glycosyl hydrolases JHenrissat B & 
Eairoch A; Biocheis. J. 1933 293 781~?S8]. At present are known 
celiulases belonging to the fassillef; 5, fc, 7, o, 9, iO, i2, ;;6, 
#4f 48., 60, and 61 of giycosyi hydrolases. 

Industrially wel l-perf orsjsing ondo-p-i , 4~giucar!ases. are 

3S described in e.g. WO §1/17^43, mo 9i/.i?244 and m 9i/i0732, and 
specific oellulase variants are described in v?o 94/07998, 



It is SB object of. the prsisevit irsventiof^ to provide; 
novsl variants of eeliuiolytic ensysaes, which variants, when 
co?fip«r«d to the parental ensiynse, show iiaproved performance, 

Irs a colluloXytic enzysae useful in inaustrial proc- 
ess5es, j.e, m-i ssndo — l,4~9l«canase, a ntijafoer of amino acid 
residue positions importiajit tor th© properties of the ensyme 
and thereby for: the p<&rf ori^ance thiiroof in th^jss procBSs&& has 
fes^Jl identif ied. 

Accordingly, ir- a first aspect the pr'i!s--nt: invention 
provides a j«ethod for ijr-provirKj the properties of a 
celiulolytic ensiysse by a^nino acid saOstitutlon, deletion oj: 
insertion, the jsethod comprising tn«s stsps of j 

a> cons(tr\Jcti?jg a multiple aldgn-ment of at least tvo ainino acid 
sequences Known to have three-aimensional structures siisilar to 
endoglucanase V (SGV) fro»j Buisicola ifssolens known trtm Protein 
i3ata mm eafery; mmt 

h. constructing a hossology-bailt three-dimensional strtissture of 
the ceXlulolytic Isased on the structure of the EGVj 

o. Identify irsg amino acid residue positions present in « 
distance frois the substrate binding clsft of not more than 5A; 
d. identifying stjrf acs~exposed aiaino acid residues of the 

identifying all chfjrged or potentially charged amino acid 
residue, possitions of the enj;y>-sie; 

f, choosincj orte or more positions whsrein the aTsino acid 
residue Is to be substituted, deleted or where an Insertion is 
to be provided J 

g, carrying out the substition, deletion or insertion toy using 
conventional protein engineering techniques* 

By using the isethod of the invention, it is now possi- 
ble effectively to transfer desirable properties from one cel- 
lulase to another by protein engineering stethods which are 
kn©>£n per se i 

More particular the invention provides celiuiase vari- 
ants improved with respect to altered (increased or decreased) 
catalytic activity? and/or altered sensitivity to anionic ten- 



sides; and/or altersjd pH optixauTts and pH profile activit;y~vis<& 
as well as stability-wise- 

liccoraingiy, in a furth®$r aspect, th^ invention 
providss a c«IIulas© variant aerivsd from a parental ca.Ilula.»® 
5 by substitution, insertion ana/or deletion, whici\ variant has a 
catalytic core <5o^ain, in which the variant 
at position 5 hoMs an alanine residue (A) , a serine residu«^ 
<S1> or a tfej?ieonirse r^sMue (1?)? 

at position 8 holds a phersylalanine residue (F) ^ or a tyrosine 
10 res idiie U ) ; 

at position 9 holds a phenylalanine residue {¥) , a tryptophan 
residue (W) , or a tyros.ix^e residue- (Y) ; 
at position 10 holds an aspartic «cid residue (0} ; and 
at position 121 hoMs an aspartic acid residue (D) (c^llula^^ 
is numbering) - 




The present invention provides n&w c;ellula«€s variants 
derived from a parental o«llulase by swhstittJtxon, insertion 
and/ or deletion. A cell«iase variant of this iiivention is a 

20 cellulate variant or sstatated c«slluXas«, having an a^irso acid 
sequenc© not fotjnd in nature. The cellulase variants of the in- 
vention show improved perforssance, in par-ticuiar with respect 
to increased catalytic activity; and/or altered sensitivity to 
anionic ter.sides; and/or altered pH opti^uss; and/or altered 

2 s therssostabil i ty , 

Forsr»aixy trse cellulase variant or snutated c*?! luXas';? o£ 
this invention may be regarded a functional derivative of a pa- 
rental cellulase (i.e. th«? native or wild-type enssyroe) , and m^y 
be obtained by alteration of. a t>m nucleotide seguence of the 

30 parental gene or its derivatives, encoding the parental enzyme. 
The celiuiase variant or ssutated cellulase ^ay be expressed and 
produced x^fhen the mk nucleotide se^guence encoding the cellu- 
laee variant is inserted into a suitable vector in a suitable 
host organises. *rhe hoet organises is not necessarily identical 

3S to tJbe organism from which the parental gene originated. 
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In the literature, etiKyjs^ v^jriants have islso been 
referred to as mut&nts or muteins* 



In context of this invention the following symbols 
and abforeviations for ami^rjo acids «nd assino acid residues are 









Alanine 


z 










mp 




ABp;u-t.ic acid 


4S 






>aiufcanic acid 








Pbeny i a 1 aji in® 


m 


6iy 




Siyoine 


5S 


His 




H ist id i n© 




iXe 




I so leucine 








liysine 








Leucine 




Mm 




H^tiiionine 












Pro 




Proline 




Qlti 




Glutasftlne 




Arg 




Argiriine 




S»r 








Thr 




■Threonine 




mi 




Valine 








Tryptoplian 




fyx 












hsp or i&^n 




GlX 




mm or Slit 








hny amino acid 



Deletion or absent axsino acid 



Callulase NiMfeering 

conte>ft of this invention a sp<iclflc numbering 
of <i5r5ino acid residue possitions in eeiiulolytic enxyjses is 
eTfiployed> By aligning the asuno acid sequences c-S known 
cellulases, as in Table i foeiow, it is possible to 
unambiguously allot an arsino ^seid position nujr^ber to any amino 

40 acid residue in any ceilulclytic eft;syme, if its sitnino acid 
sequence is knoiffn* 

In Table 1, below, 11 selected asjino acid ssqueno«s of 
celiiilases of different microbial origin are aligned. These are 
m Mumlcola insol^ns? (h) Avr&moninm sp. ; (c) Volutell& 

4S coliectotriciJoide^; (d) Sord&ri^ fimicol&; (m) Thiel^vla 
tBmstriBi if) FuB^rium oxysporumt (g) MyceJiophthorn 



th&rnsophlln; (h) CrinipBllis saabBlla-, (i) M^craphomi})a 
phas&olina; (j) PBBudomon&S! Sluot^^scens ; {k) Ustilago maydls- 

c<i.Il\3lases {a ~ i) a^re descritoesJ in WO (j) is 

described in GeneBanIc under the accession nussfesr 045498, a^nd 
5 (k) is described in Gers^Bartk under the accession nuiaber SS1S9S 
and in Biol, Ch«J8, Hopp«»SeyXar 376 {iO) 617-625 , 

U«iiig the nuiabering syststs originatirtg frojss the assirto 
acid s«<3xisnce of the ceXiulase (®ndo-p-X, 4~gluoanase) obtained 
txcm the strain of Eumicola insoiens DiSH 1800, disclosed in 
to e.g. m 91/17243, which sequence is shown in th& first coiujsn 
of Table 1, aligrsed with the amitio acid sequence of a nxjaiber of 
other ceilulases^ it is possible to indicate the position of 
amino acid residue in a c«iXuloXytic snxynse anassbiouously. 

In descrifeing the various cellulase variants produced 
XS or contejnplated according to the invent ioj-5, the following 
nosaenclatures ar« ad<;ipt«;KJ Sor ease of reference; 

tOrlgina.i. axsino acid; position; SubBtit-uted amino acid] 
Accordingly, the subsr i tut, ? on oS giut&sine with 
histldirte in position ll'i is desi^n.^ted as 
20 As&ino acid residues whx':.:;-! t epresent insertions in 

relation to the amino acid sequence of the c«iluiase fros^ 
Huisicoia insoiens, are nussber^^d by the addition of letters in 
alphabetical order to the preceding celiuXase nui&ber, such as 
e,9, position *2.laV for the "inserted" valine (V) , where no 
2S ^rnino &cM residue is present, betveen lysine at position 21 
and alanine at position 22 of the asiino acid sequence of the 
cellulose from Humlcola in:soiens, of. Table 1. 

Deletion of a prolirse (P) at position 49 in the ajjiino 
acid sequence of the cellulase frois H«sjicola iusolens is 
m indicated as 

r^uitiple siutations are separatees by slash ??5arks ("/"i , 
e,g, QM9H/Q146H, reprssssnt ing mutations in positions; 119 and 
146 substituting giuta,siine (QJ vith histidim? (Hi, and 
ol\ita?.ane (Q) i^cia. with arginine {R} , respective!/. 
35 If a s\5bstitution raado by mutation in e.g* a 

ceilulase derived from a strain of Humicola insoiens, the 
product is designated e,g. '*Hu3nicoIa insolens/*4§F»x 
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All positions re,f^rr«d to in this application by 
ceXlulase TjtimberlKg ref^r to tbe cellulase ntsmfoers described 
ateove, and are determinsd relative to the atninc &ci<3 seqv^^tjc^! 
of the o«iXulsse a«rxv@a frots Hujsicoia insolens, cf. Table i, 

Celluiase HU;55foering of Selected Ceilulases of Different 
iO Microbial ©rigirs 

(a) //us;icoIa i?u«rol«a/>i; ; (b) Acresjojiius; sp, ; (c) •■''c J c.i f. Z i a 
collBctotxichoid^s ^ {d) Sor^^ria tirrdcola; (e.,; T/iieiavia 
terr&^triS} (f) if^«r«risf>8 o^ys!por««?; (9) MycBliophthora 
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* Ajnino acid residue absent in this po^itiorj 

The present invent ion relates to c«liulase variarrcs, 
s Mors ^p«cif icaXly the preserst ixsv^^ntion provides cellulate 
variant deriv^a frojs a p^r^ntaX c^iXuXa^e foy sabstitation, 
insertion and/or deletion, which variant has a catalytic core 
domain, in vhich the variant 
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- at poftlt-aon 5 holas an ,:s:;.5nine residue (h) , a serine r^ssidise 
(S) f. or a threonine residue {T) ; 

- at position 8 hoid« a ph«nylal«fiine residue <F) , or a 

5 » at positioji 9 iioids a phenyiaianlne residue (F), s tryptophan 
residue (K> , or a tyrosine residue (Y) ; 

~ at position to holds an aspartic stcia residue (D) ? and 

- at position 121 holds an aspartic acid residue (D) (o^UIulase 

10 The endogiucanase of the invention tsay corsprise a 

celiulose binding dosiain (CED; existing integral part of 

ths sn£ya»e, or a CSD frojti anoir.ex oruiin rr>ay be -ntrodvjtco-l into 
the endoglucanase thu«s creating an 5m?yr,e hyb>;ido- 5n this 
context, the ten^. "celluiose-b^-ndinq dojmsin*^ 5n j nt .^nded to be 

i& understood as detin&d by Peter To:me et ai> "Ccnulos«?-Binding 
Don^alns; ClassJ £ icat xon and Properti-?.?,;" in "Ensyissatic 
Degradation of Insolubie carbohydrates", John Saddler and 
Michael Scanner <Bds.)f ^^CS Sysaposiujs Series, ^o. 618, 
This de^firjition classified more than 120 c^llulose-Ssiriding 

2Q ^cmmns lnt.o 10 f asuiiies (I-K) , and d^Konstrate^ that CBDs are 
fotind in various enssymes snch as cellulas«s, xylanases, 
isannanases, arabiuDfuranosidas^fe?^, acetyl ssterasses and 
chitinases. CBD& have also been found in algae* e,«f, the red 
alga Porphyrai purpurea as a non-hydroiytic pol y saccharide- 

25 binding |>rotein, see Toisme et aX<, op.cit. Howe%^er, ^ost ot th-.; 
CBBs are frotss oellulases and xyianases, CBDs are lound at the K 
and C termini of proteins or are internal. Enzyme hybrids are 
known in the art, see e.sjv wo 90/00603 and wO 95/lf<"?8r, an-:? si-.ay 
he preparocS by transtorminq ii^>to a host celi a DKA constrstot 

30 co?«prisiw^ at least a fragment of Dtsi\ encoding the ceiltUose- 
hSr.dim dosiain ligated, with or without a UnKer., to a OKA 
sequenc«». encoding the endocflucanase and growing the host ceil 
to axpress the fused 9®ne« 

EnKyme hybrids ^ay be described by the following 

m formula J 

wherein CSD ie the M-terminal or the c-terminal region 
of an aT&ino acid seqtjsnce corresponding to at least the 



c^llMlos^-hindin^ ^or&^in; m in the region (the linker), 

and m^Y toe a bond, or a short iinKing group preferably of from 
&hout 2 to about 100 carbon atom&, s5or«i pref^srably of from a to 
40 carbon atoisss? or ±& pr®f«r aMy tvcm aiaout 2 to about 10€ 
s amino acids, mor^a preferably of froia 2 to 40 amno acids? an4 X 
is an ^'-terminal or C-t^srsaiital region of the eftKysae accoriSing 
to the invention, 

Tm metlsosS of th& invaRtioa 

In anot^fer aspect,, th^^ present invention rolar,«:;,s 1:0 a 
.method for xx^provinq the properties of a celiuloiytic- en^yste by 
amino aaia subst: i t.ut. ion , deletion or insertion, the saethod 
comprising the steps of; 

a, constructing a jsuXtipie alignment of at least tvo amino sold 
smgwences known to have threa-dissensional structures similar to 
endogiuoanase v (EGV) frojsi Hxjsjicoia insolsns known from Protein 
:;Dafea g^astk; eni;ry ^mQf 

b, cotistructing a hosioXogy-built thre«~aimensionaI structure of 
the ceXiuiolytic en^gyme based on the structure of the E<3V; 

c, identifying amino acid residue positions present in a 
distance froTs the substrate binding cieft of not more than sk; 
dv identifying s;ur face-exposed &rtiino acid residues of the 
enKpse; 

e. identifying ail charged or potentially charged ajviino acid 
residue positions of the ensywe; 

f V choo&ina one or more positions wherein the amino acid 
residue is to be eub^tltutea^ deleted or vhere an insertion is 
to be provided; 

g. carrying out: the isubstition, deletion or insertion foy tising 
conventional protein engineering techniques. 

Step f . of the isethod is preferably carried out foy 
choosing positions which, ae a result of the alignment of step 
a,, catTY the same amino acid residue in a majority of the 
aligned se^giiences; more preferably in at l^ast 63% of the 
aligned easjuences;; even more preferably positions which, in the 
aligned sequences, carries different amino acid residues, of, 
bel05^* 
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In .ri pr«5f erred embodixaent , th^- apscific activity of the 
ceXiulase can be issproved, preferably by carrying out a 
substition, daXetioft or irssertioii at atairio aciti residue 
positions presssut in a distances frossi th« substrate binaing 
clett ot not a5or« than 5k, ?Rors pire^farabiy not ssore than 31, 
even more preferaj>ly not more than It is believed that 

residtses present in a distance of not more than 2.5k are 
capable: of. beinq in direct contact, with the substrate. 

In another preferr<ed embodiment, the pH activity 
profile, the pH activity optimum, the pH stability protil-.;. or 
the pK st-itbility optis*u:ft of the c«i;iU-Us:e can be altered, 
preferably by carrying out. sjubst ition , ds-X-rtion or ins'-rtios-s 
at, ajnino ;3cid residue positions present eisher in a distance 
froi?^ tne cxjb^^rvate birid.ing clett ot not more tbisn sA., more 
pr,-:r.--^rab^v not R5ore than 3A, even jsore preferably not sjore than 
■^.i-.^,; or surfacs-^ssposed ajslno acid residue positions of the 
erssysRo, thereby altering the electrostatic environment either 
locally or globally. It is preferred to p&rfora» a safestitvition 
involving a charged or potentially charged residua, this 
residua either kmim the original residue or tise repiacement 
rasiawe. In the present context, charged or potentiaiiy charged 
residues are steant to include; &rg, hys, His, Cys (if not part 
ot a disulfide bridge), Tyr, Glu, l^sp. 

In yet another |>ref erred eF^bodissent, the stability ot 
the celXulase in the presence of aj; anionic r^enside or ansonio 
detergent component can be altered, preferably by carrying out 
a substition, deletion or insertion at surl ace -exposed ai^ino 
acid residue positions of the ensyme, thc-risby alreriny the 
alectrost..^tiC environjaent either ioc^slly or globally. It is 
preferred to perforns a sutostitution involving a charqed or 
potentially charged residue, this residue either being the 
original residue or the repiaoenient residue. In the present 
context, charged or potentially charged residues are steant to 
include; Arg, i..ys, His, Cys (if not part of a disulfide 
bridge), Tyr, Glu, Asp. Mutations towards a s&ore negatively 
charged aa re^sidue result in isfiproved stability of the 
celiulase in the presence of an anionic tenside, whereas 
mutations towards a ssjore positively charged aa residue 



wo mnimi 



IS 



d«cr«!&«^s the stability of th«: callulase tov»fards anionic 

Fvirth^v, ceXlulase variants cotaprising any cos(ibination 
of two or more of the amino acid sxifestitutions, deietiorj^ or 
insertiofis disclosed herein are also within th« scope of tha 
present invention, ct. the exemplified variants, 

Mwjjttipl^ S»(5^«»«s!5«s Migssmssst of C«li«ia»«B 

The jtiuXtiple sequence alignsscnt is performed using the 
Piieap aigorithjp a« iffipie«-^^«s>ted in the VJi scons in Sequence 
S Ar.alys.is Package version 8-.1~UN:sx (GCC, Genetics Coapurer 
Szoxxp, inc). The jnethod used is siniiar to the ;^uit.!>od 
described by Higgens and Sharp (CARBXOS X989 151-153)- A gap 
crc:«tinr, penalty of 3,0 and a qfap extension penalty of 0.1 is 
uss?d together with a scoring iaiatriK as described in maSLU^l^Ms 

10 H^s. ims 14 CIS) 6745-$?63 {^ayhoff table (Schwartz, M, and 
Dayhotf, 0.? Atlas of Protein Sequence and Structure 
(Dayhoff, O, Ed.)* J^ational Biomedical Research Foundation, 
V^ashington D.C, 353~35S) repealed by dividing each value 

hf tha of its row and coiuasn, and nortsializing to a x«ean of 

IS 0 and standard deviation of 1.0. The vaiue for FY (Phe-Tyr) - 
EW « 1.425. Perfect ^tctess are s«t to i.S and no matches on 
any row are better than perfect matches) . 

Pair<'Vise Seaueyu-:e A : ,i q DJiei; " : ; i :X&.<;?.^> 

StJ A pair~\'!.?ise sequence aixgrircient ir.; perforssed using t.he 

algorithm described by NeedleTsan h Wunsah {J., HoI^^.£ii.Q j... 19 7 0 
4S 443-453^) , as impieBjented in ths; (SAP routine irs the vJiyconsift 
sequence Analysis Package (GOG) , The parameters used for the 
GAP routine are the same as isantionad for the Piieup routine 

2S earlierx 

Pair^^ise se.avi^T^ce j^lic^nment of Cell»iage.^..with Forced Palrliig 

A pair~&'iee sequence alignment with forced pairing of 
residues is perforssed using the aigorithjs described toy 
30 Meedleman & Wunsch fJ. mi. Bio.l.. 19?0 4$ 443-453), as 
isspiemented ij^ the GAP routine in the ^?isccnsin Sequence 
Analysis Package (GCG) , The parasseters used for the SAP routine 
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ar£? the same as mentioned for the Fiieup roatX««2 earlier, whe>:e 
tne scoring n^atrix is ssotiiticsd to incorporate a residue nasB&a X 
mich sysnboiiK® the residues to be jsaired. The diagonal vailue 
for X paired with X is set to 9,0 and all off diagonal values 
s in^lvijig X is sel-: fee* 0 



Based ob the X-ray structure of the core dotnain of the 
ao j^Sj;micDia insoiens KGV «;ndogIucanase inactive variant {DlOia) in 
cojiipleK with oeliOhexaossn (Da vies -s-t-a.S-r B X oah.^r.EL^^LU' 1995 34 
163 50-13220, r-DB entry 4SNG} >5 rciod-sl of ^he structure of the 
native Humicola insolens EGV endooiiicanase aore. dcH-^jin in 
coitipiex with ceiloheptaose is fouiid using the tcllowing sr-epe; 
15 1. Using the Biopclytner module of the Insight II 93. G {Insight 
II §5,0 User Guide, October San Diego; Biosyia/HSI, 

1«>95) replace KID with a aspartic acid. 

2. J«aH« a copy of the stjgar unit occupying ^ubsite --3 by 
copying ail the mol«c«ie and delete the ^xtra atosss. Manually 

20 move the nev? sugsr unit to hast fit the unoccupied -1 binding 
site. Create the bonds to bind the new su^^at i^it to the tvo 
escistiisg celiotrioee unf ts* 

3, Delete overlapping crystal water molecules* These are 
identified by using the Subset Interface Sy^AtoB 2,5 ootnt&and. 

as 4. Build hydrogens at a pB of S-O and applying charged 
terminals 

5. Protonat«s DI2.1 using the Residue Replace <Di21 residue naiae> 

ASP L command. 

6- Appiy r.he CVFF forcefSeld template through the comssand 
30 Potentials Fix. 

1. Fi>j all atoms except the new sugar unit, 
B> Rssiase the atojsic position the new sugar wit u^irsg IQQ 
cycles of slsspim energy jainisaiasation followed by 5D00 steps 
of Its simple ssolecular dynasjics ending foy 300 cycles of. 
3S simple energy sgsinimiisation ail using tb^ xsolecuiar mechanics 
program Discover 95.0/3,0.1 (Discover 95,0/3.0.0 User Guide, 
October San Diego; Eiosyss/55Sl, 1995.), 



womimm 
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The construct,io« at a structurisi model of a celiulase 
with known assino acid seg^ence based orj a Known X-ray structure 
of tha ifijjnicola xnsolmtis BGV c«^li«iase consist^s of the 

5 t&llOWktiq steps S; 

X, Define the approaeimats; extend of the cor« re^gion of the 
structure to &s sso<3ei«d and the alignjsent of the cysteine 
based on multiple ^©gut^nce alignment fcetweo?) isany known 
industially \jeeful cell\Jlase se^^tiences, 
10 2< Pair-wis« sequence alignment betw«ers th« ftew sequenca and 
the sequence of the Known K~ray structure, 

3. Definfi Structurally Conserved Regions (SCRs) based on the 
sequence a 1 ignjt^ent. , 

A. h&si^n coorelinates tor the s;od&l strucru>-« v,;-thi?i the SCRSx 
IS 5> Find ssr^ructure;? for the .loops or Variable keqions {VRs>) 

between th^> SCKs by a yfi>ar;:;h in a loop sstructxjro database > 

6. i^ssign coordinates for the VKs in the Siodel structure froKi 
the datafca^s seaj?cb ^resuit . 

7. create disulfide bonds and set protonation state » 

20 8, Kef ins the fouild structure u&xng molecular mchanics. 

The Known X~ray structure of the Su^icoXa inBOl&UB ESV 
cellulase will in the following toe terased the reference 
structure X The structure to be ssodeled will be tensed tha jaodel 
strBoture, 

25 Ad ic The approxissate extent of the core part of the 

ansyms is deteriained by a multiple se^quersce aiigng^ent including 
5S5any known celiulase sequences ♦ Since the reference structure 
only cont-ain atomic coordinates tor the core part of the enzysie 
only the: residues in th<s sequonce to be wodeTied vhich align 

3D with the core part c<£ the refersnce structure can oe included 
In T-he ?aode3 building. This alignssent also determines the 
aligmnent of the cysteine. The multiple sequence aligntnent is 
performed using the Pileup algorithm as described eariier. 

Ad 2 5 A pair-wiae sequence alignment is periiorSiCa ac4 

3g described earlier. If the cysteine in the conserved disulfide 
bridges and/or the active site residues {010 and D121) does not 
aligner a palr-wiee sequence alignsaent using forced pairing of 
the cysteines in the conserved disulfide bridges and/or the 



active sits resida^j; Is periortaed dercr;b!?d earlt«ii% I'h^- 
Bam purpose o* the sequence aiisjnB^ent is to d<afine >x;rk ^ieo 
l^t-^r) to foe us«:d for a jsjodei structure generation. 

Ad 3c Basod on th* sequence alignment Structurally 
5 CorJserved Regions ($C8s) ar® defined as continuous regions of 
overlapping seqx^ence vitls no insertions or deletions. 

Ad 4? Using the coisputer prograst Homology 95.0 
(Homology User CSuid®, October 199$, Sen &iegoj Biosym/MSX, 
1995.) atoislic coorainates in the jtiodel structure can foe 
10 generated from the atomio ooordirsates of the reference 
struct-ure using the cossjnend As^f^lqncoords Sequences- 

A<3 tlsing the cornputer pr-jgraB Hoffloioqy 9*5 >o pocsible 
conformations lor th« i es?ui.inxnvj r^'«lo^s ndsred Variable Regions 
(VRs) are tour.d by search in th<=^ Koop «i^ructuie 0 v ahasse 
i<j included in H03noU->gv <*;>,o Ih^& prc^i^dure ife j -p^ach 

Ad 6t If the va ^enqth is Si~dilc<r than six residue? 
the first loop structure in th« aatakseee search result is 
selected for coordinate generation. In cases where longer loops 

2ii are generated the first solution in the list which does not 
have severe atojsic overlap are selected. The degree of atomic 
overlap oan be anaiyzea using the Suisp Honitor Add Intra 
cojsF^end in the computer program Insiqht XI &S,0 (Insight II 
95,0 User Guide, October 199S, San Diegot Biosy^/MSX, a 

2h parameter of O.as for the Busnp coMand will show the severe 
ovetriaps If more than ten bajspa exists between the inserted 
loop region and the reiaainlnq part oi tn*- protesn the next 
solxition IS tested. If no solar tor fcxsj-'d vnth * i>es'e 

jQ coord i.n=5tec tor the reqicis^- ..5L<;^ N,'o''-^r rar ed us.na the :,\-^rr-and 
AssignCoord^> Loops m tbe< proqra:^, Hoirolouy OS.O, 

Ad ? The aisxilfidc bond*; are created asiiK? uhe Bond 
Crotsj co-m-i'&cd m th< B^opo.lymer wodaie of Ine^iqht M <^(-.0 iHvl 
ths^ pr^^ronatior, Ktate is set to siatch pH 8,0 witn charqea caps 

3S using the Hydrogens oowandx Finally the active proton donor 
(the residue eguivalent to D121 In the reference structure) is 
proton«ted using the residue replace <DI2I residue naj»e> ASF L 
comssand. To finalise the data of the j&odsl the appropriate 
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through the QO^Miiand Fotentiais fi^^ 

m Finally th& modeled structure is subjected to 500 
cycles energy tsi i rsi 38 i nation using the stoiecular xsechanics 
5 program Discover 0/3.0.1 {Discover 95.0/3.0,0 tjser Guide, 
October 199S> S&n Di&got &iosys8/MSI, 1995.)- '^^^ output from 
the above tJescrifoea procedure is atomic ccjordinates describing 
a structural model for the core dossain of a ceilulase based 
on sequence hojssoiogy to the Husdaola .insol&ns E<3V oellulase. 

10 

To overlay two cs;l:lulase. structures a superposition of 
the structures are per£Qrr>e.a using the Structure Alianment 
command the Hojnclogv 95 A) (Hoysolocjy User Guide, October 
J5 1995, San Diegoj Biosym/MSI, ISSS.)- parassstsrs for the 
comjaand are chos^en as th« default values. 

Determinat ion £?.f ....R^ ^ ia » ^ ^.S...vifellkLjl.^^ 

In ord«r to determine the aaiino aci4 resifSues withirs a 

20 sp&cifiedi distance from the substrate, a given celiulass 
structure is superi:mposed on the celiulass j>art of the si^odsjl 
structure of the cossplex between Htmicola insolens EGV 
endoglacanass and celloheptaose as described atoove. The 
residues vithin a specified distance of the substr<;tte are then 

25 found using the interface Subsist ccmmand o£ the Insight II 95.0 
(Iftsight n' Usser Guide, October San Diego; 

Siosj'Tn/MSl, 1995), The specified distance ars supplied as 
parameter to the progras^> 

The results; of this deterssination are presented in 

30 Tables 2 and 3 .below o 



fietervftlnation...oj:_oliMlii£.^ 

To determine the solvent accessibiixty the Access_Surf 
comisand in Homology 95.0 (Hoiaology User ^uide, October 1995; 
3S San Diego; Eiosym/MSX, was ussd. The program uses the 

definition proposed by Lee and Richards (Lee, B. & Hichards, 
F.M, ""The interpretation of protein structures: Estimation of 
static accessibility's J,Hol .Eiol... 1971 SS 379-400). A solvent 
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probe radius of .1,4 A s.v>5S ur>r:-d and only heavy ato^s (i.e. non- 
hydrogen atosss) v/«;re irjcludsid m the calculation. Residues with 
aero accessibility is defined as being buried, all other 
rssiduess are defines^ as being solvent exijosed and on the 
?j surface of the enzyme sitructure. 

In order to transfer ths i^veX of catalytic activity 
bstveen two ceilulaseSf thiS folIo%#ing protocol is applied using 
io the Tsethoas described ahov^, This sssthod will pinpoint asaino 
acid residues responsifols for the difference in specific 
activity,, and one or more of those assiino cscid residues Tsust foe 
replaced in one set^uence in order to transfer the level of 
specific activity frojs the comparison csilulases 

1) Perfor-r- -saltiple sequence di.\qn^;5cr;t cf ali. known industially 
useful ceilulases (excluding the TrlchodBrina reesei 
cellulases) , Frost this identify coneerved di^uXf bridges 
as!Hon9«t the t^^o involved sequences and tiie sequence of the 
SO Mmicola insol^ns B<5V c«ll«lase are identified at^d the active 
site residues (DIO and D121) are located; 



2) Perforsa pair-wise sequersce aiigrsjsent of each sequence with 
the Humicola insolens EGV ceilulase core dossain (residues l~ 

2S 201). If the cysteines in the conserved disulfide bridges does 
r5ot align at the same positions and/or if tho two active site 
residues C»iO a«d DXai) does not align at the sa^e positions 
t,hen use the pair-vise sequence .h 1 lgn.c!5«?nt ot ceiXulases with 
forced pairing jTicthod , IncludsV: only rcs-idues in the ss^quences 

30 overlapping with the core dossain (residues 1-201} of the 
MuMaoIa insoX&ns EGV ceilulasei 

3) Create a homology build structtire of each sequence; 

3S 4) DeterssiBatlon of residues within 3i from the substrate in 
each of the homology b«iia strwtures. Differences t>etween the 
sequences in these positions will sjost probably foe the residues 
respo?ssibie for the difference in specific activity. In the 
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ca^e vhere resa^mss in inserts are foisnd in «ny of the 
sequemces within the above ssentionsd distance, the oo^pi€st® 
insert can be responsible for the difference in specific 
activity, and the complete i^isert asust be transferred to the 
5 sequence without the insert or the complete insert rsust be 
deleted In th« sequence with the insert; 

5) If not ail speciiic activity was restored by substitution of 
residues within of tJv;> substrate, deters&ination ot residues 

10 within fror!i t^. ..ud-.s; r.*t& in eacJi ot the hojsology build 
struct\,3res; will reveal the 5«os;r. probable residues; responsible 
for the reisaininq difrerence in ?;pecitic activity. In t^\e case 
t^here rasid^i^s in inserts; are louna in anv of the sequences 
within the above isientioned distance, thf coTpiote im-c-x-t -.-an be 

15 res|5onsible for the difference in specific activity, and the 
complete insert js«st be transferred to the sequence without the 
insert or the co^|>lete insert jaust be deleted in the sequence 
with the insert. 

ao ^mn^f&xTinq tk^ J,m»l of stability t<s.t?«ras» 3laioai« 

In order to transfer level ot stability towards anionic 
tensides between two cellulases, the following protocol is 
applied using thjs ssethads described above > This jr>ethod will 
25 pinpoirit asjino x^c;d refcidueo raspcnsibls for the difference in 
level Qf stability towards anionic tensides, and one or laor® of 
those sijfiino acid residues jsust be replaced in one sequence in 
ordsr to transfer the level of specific activity frora the 
coispar ison oel luXase ; 
30 I) Perforss sRuStlpie sequence alignment of all known mdustially 
useful celluias®;s ^esccltJding Tricho^^rma reesel celiulases), 
Frojn this identify conserved disulfide bridges ajtiongst the 
two involved sequences and the ses|uence of the Bumlcola 
insol0Sis EOV cellulase are identified and the active site 
3S residues imo and Diai) ars looats^; 

Z) Perform pair-wise segi^^nce aiigyssient of each sequence with 
the Etimicola Insol^ns E<3V cellulase core domain {residues 1- 
SOI) . If the cysteines in the conserved disnlf ide bridges 



<io«s)S «ot: align at the sasse pois Uxors axid/or ir t.he tvfo active 
sifee resxElues {Dio and D12 3) does not align ar. the samss 
positiions then us© ti>e pair-wise sequence allgxisvent of 
ceXlx5lases with forced pairing B^^thoa. Xncl^ae only residues 
5 in th« sequ«fnces overlapping with the core dc^siain (residues 
l~201|at the Htfjsicola in^cfleusf ceiltslase; 
3) Create a ho«ioio^y buiid structure of e«eh sequence; 
^} Deterjaination of residues located at the surface of the 
en^zysae^ This is 4one by calculation the surface 

io aceessibiXity> Residues with a surface accessibility greater 
than 0,oA'^ are exposed to the surface; 
5) Any residue disposed to the surface helomjirsg to tue 

Sonowlng qr-oxip ot. aisino acids; D, K, H, K, R and C it; not 
iav>-ive-i i:\ disulfide bridge which differ between the two 

is sequences wil] most probably be respcmsible for the 

difference in level of ?-<tab:liry tov^ards anionic tenside^. In 
the ease where residues in inserts are found in any of the 
sequences within the ahovfe saentioned syroup of amino acid 
types, the cojftplete insert can foe res|JonsifoIe for the 

20 difference in Iev«i of stability towards aniofsic ten^ides, 
and the complete insert must fee transferred to the s<^quence 
^ithotat the insert or the cojspiete insert must foe deleted in 
the sequence with the insert. 

MsuJf Ida Sridgss 

Disulfide bridges {i,e. Cys-Cys bridges; r^tabilize the 
Structure of the enz;ysie. It is bela«?ved t-hst a certain nxsmher 
of stabilising disuilide bridges ar«i necessary to 5^aint.ain the 
a proper stability of the enzyme. However ^ ir. is also 
contejf!pI:Sted that disui£id<? bridges can toe removed j:ro;T> -che 
prorein strxjcture resulting in an <sng.y3»e variant which is less 
stable, especially less thermostable, but which still has 
signif leant activity . 

Therefore, in another aspect, the invention provides a 
ceilulase variant which variant holds 4 or saore of the 
following disulfide bridges? Cll~Ci35; C12-C47; C16~C86? 

C8?-Ci*>9j CS9~C1S9; and €XS6~C167 (cellulase number ing J , 
In ^ Siore specific einbodi^ent the variant of the invention 
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holds 5 or mor^ of the following disuitid® toridges; C11-C13S; 
C12»C47? C16-C8«; C31"CS6f CS?~C19S? and C156-~C16? 

(cellulase nutsberin^) , Irs it;s stost specific eisbodlmont, tise 
variant of the Invention holds 6 or s?or« of tiie following 
disulfide isridgsst CII~€13S; Cia~C47? Ci6~CS6; C87~ 
C199; and C1SS-C16? (celluiase mmberiijg) . 

In ^ttotiser embodiiaent the inveRfcion provides a 
cellulass variant, in which cysteine has foeen replaced by 
another naturati amino acid at one or laors of the^ positions 
86, S7, 89, 189, and/or 199 {celluiase n^jjsbering) . 

»i*l«ing Cleft BubstitutionB 

In a .further aspect, the invention provides celiulase 
variant derived fross a parontai csllvila.'ie by substitution, 
irssertion and/or deletion at one or more assiwo acid residues 
located lb the substrate binding cleft. Mutations introduced at 
s positions close to the substrate affect the enKyase-substrate 
interactive bindings. 

An appropriate way of detersjining the residi^iss 
interacting with a pat«Tttial substrate in » structure is to 
partitions te the structure in ''shells'*. The shells are defined 

10 ast 1st shell are residues directly interacting with the 

substrate, i.e. closest inter atojsic di^tarsce between substrate 
and residue both including hydrogen atoxfis are sjsaller than 2,5k 
which viU in.,.;U5d'- aH direct interaction vidt hydrogen bonds 
and otJier non bonded interact ions < The subsequent (2nr4,3rd 

IS e.t.c.) shells are detin«d in the ssniiie way, ass the residues 
with inr-e.r atomic distances smaller than 2 . 5A to the s'abstrstte 
or ail previously determined shells. In this way t.he structure 
will be partitioned in shells. The routine "subset ?.one» in the 
program Insight II S§,0 (Insight II 95.0 User Guide, October 

20 Sars Diegoj Biosym/MSI, 1995,) can be used to deterisine 

the shells. 

In a preferre?^ embodissent, the asnirjo acid residue con- 
templated " according to this invention is located in the sub- 
strate binding cleft at a distance of lip to S A frojs the sub- 
iatrate. 



!>i?h<:r i-ur <s-*ctirg thf> .sis-qned ceilxslas^s to the co^put«>£ 
■rcai-Xinq n«^t:hod di&^io&^a <Ahow, ths tollo^xn^ positions within 
a «tst^^^c*5 oi up tr< i\ tro-s th® substJrate ar« revealed; 4, 5, 
6, 7, 8, \ 12 15, 14, lb, 16, IS, IS, ?0, 21. 21^, 

S 42, 44, 45, 47. 48, 4t, 4Sa, 4Sb, ?4, 82, 110. 113, 112, 

113, 114, 119, 121, 123, 12-?, 128, 330. 131, 

132, lilSi 133, 14i3, 146, 147, 148, 149, l&Ob, 17S. a?^d/or i ?9 
(ceXIul&se nujabering) , cf. Table 2, 

?s.ccor<ilngiy, in a morf spec if <&j»food vtsent , rhfe- 

10 inverstlon provides a celluSaso variant ^'bich has i?*?eh derived 

deletion ar, one oi '>ore ^ aria res>j<x^u>s "'n a pat ti^xilat 

VBtilago maydis^ , by substitution, insertion and/or dsietion at 
2d or more of the positions identified m Tabl^ 2 for these 



tola Rssiiitses* l«»s fcMte S i £r«aa tli« Su&stote 
Positions Identified by Cellulase isutsberirsg 

25 

(a) Humic^Ja itsclf^ns; (b) Acreworxup sp. ; (c) Vo.lu?;s?iIa 
collBctctri ^h'-uiBs, {a: .^oraui nsri-oia; (e; Thielavia 
t^mistT i^^ ii) ! ^ani' ' ox} b do. ; i u ) Myceliophtiaora 

30 pha^^olissa- (j) P®««doMas fluorescent,' <k) Ostxiago may^is. 

a J r d e t g b i 1 M 
¥ 

.<? T T S S S T T T A ^ 

- - 7 1 i r T ' T T T 

H R R ,< F R R R K R 

Y ^ \' Y Y Y ^ Y ^ 

M U U W 1S« ^ W W W ^ 1^ 

13 D B D 0 D D O D D D 
C 
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II 



c c c c c c c c c c c 

K K K K K K K K K K h 



Vv w y W \< W W W W M W 
A D D S P B r S T g 
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44 V E K Q V m S 

45 SSSSSNSSSS 

4? cccccceccc 

49s 
49b 

?4 A A A A A A A .A A A F 

B2 E E E E E E E E S 

110 S H K S S H « N H H H 

111. T T T T T T T t T I V 

1X3 COGGGSGGGVa 
114 

11& V V 

139 H H H H Q H H H H Q K 

121 D D D D D D D D D D D 

123 Q 

127 GGCGGGGQQGG 

128 G <3 <3 C. G G G O G G G 

129 V L L V V V V V V V L 

130 G G G € G G G G S <5 G 

131 T I X L 1 I t L I A A 

132 r F F F F F F F F F 
132 a *f 

146 SEEQQQBOQQO 

147 YYVYYVYYYYY 

148 GGGGGGGGGGG 

149 G G S a G 
ISOb A 
178 

179 KHMHNJiHNNHV 



In another preferred essbodistent, the ajsino acid residue 
contemplated according to this invention is iocatsd in the 
s substrate binding ciesit at a distance of up to 3 k from the 
substrate « 
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When subjecting the aligned ceiluiases to trse coniputer 
jsodeling method disclosed above, the following pasitions within 
a sSistarscs of up to 3i irons ^he substrate are r^vealedj 6, 7, 
10, 12, a3, 14, 2.5, 18, 20, 21, 45, 48, 74, IID, IIJ, 1X2, 
5 113, 114, lis, 119, 121^ la?, 128, 129, 130, 131, 132, I32a, 
146, 147, 148, ISOb, 178, and/or X?9 (cellulate nusibering) , cf, 
arable 3 , 

Accordingly, in a ssjore specific ^j&boaiss^nt, the 
invention provides a ceilulase variant vbich has be^jrs derived 

10 froin a parental oeilulass by substitution, insertion and/or 

dsjletion st one or Kor« of thess acid rsfsidueSv In a particular 
ewbodit^sent, t-he cslluia^e variant is; aerlved fro5n one of the 
cellul:5ses: identified In Table 3 ((a) Hum x cola insoiens:; (b) 
AaxB^onium sp, ; {c) Volutella coil&ctotrlcholdes : {d} .^oro'ar.j.a 

IS fi^icoJa; (e) ThimJavxa tBrrestris; (t) Fasarium oxyspax'um; (>g) 
MycBliophthora th&rmophilat (h) Crinip^l] is saabella^ (i) 
M&craphomina ph&sBolina; (j) PSf&udomonas ^luor&scBns ; (k) 
Ostil&go isaydis), by substitution, insertion snd/or a«l«stiOB at 
on^ or mors tjf the positions identified in Table 3 tor these 

!Mb3;« 3 

^<siiS iess th«n $ k from avsbstr&ta 

Positions Identified by Celiulase ^u^erirsg 

2S (a) Humicola insolBns^ (b) AcremGnium sp.; (c) Volut&ll& 
coliectotric?)oicfe&'; (d) Sorciaria i"i;.-uc-oia; (e..; ThielavJM 
te.tr&st£'is^ (f) FusariuKj oxyspcrumt ig) Myceil.iophtho.ta 
th&rmophiia; (h) Cz-ini^xsiii^; r^cafce.; i;^ ; {.I; Macrophotnina 
phas&oLina ( j ) Ps<}udor^on^s .f'luor'&sc&ns ; (k) Ustx.lagQ maydis . 
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128 
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G 






129 
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r. 
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V 
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130 
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Q 
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<3 
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I 
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S*&rtly Conssirv«a Amino K^siaxs^s 

As? defined .hsjrein ^ ''p,,utly conserx^ed asjino acid 

A ponitxon at vhirh pcj^ilion bet.weer / to H .s-^r.s^, v.cisS 

rsEiduss of the IX residues (i<e. Siior^ than t>it) ind5.catea in 
•SaMiS 1 for that positicsn, are identical. 

Accordlngiy, t-he invention further provides a ceiaulaa^s 
variant^ in which variant an amino assid r»^id«e has been 
cbatvgad into a cons©rv«sa amintj acia residue at one or more 
positions according to Table l, at which position (s) toetwee;n 7 
s ana 10 amino acid rsasidu^s of the ii re®i«lues identified in 
Tstbie 1, ar^ identical* 

Xn a preferred emboeiissent the invention provides a cel~ 
lu:...^se vviro-vSint, which has been derived from pare-tjl ce::'^ 
Kss^e by s^ubr^tj tutlon, insertion and/cr deletir.n -Jt -n-o^ or roLo 
10 of th&> lv>iicwin<^ posllsons; IS, 14, 20, ^"J, ^Z, < To, J;?, 

34, 4-^, 48, 50, ^^4 , 62, t>.<, 4> * , fcb, f , f<i, 7c, ''1. 72, 

7.5, 74, 7S, 73, S5, B8, SO, 92, 93, 95, 96, 97, 98, S<3, 104, 
lOS, 31D, 111, 11'5, ai5, lis, 118, 119, 131, 134, 13S, 140, 
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146, 153, 166, 169, 1?0, 172, 173, 174, 174, 

177, 17 8,179, 180, 133, 196, and /or 197 (cellul«s« nUTSbaring) . 

in a jsore s|>eclfic stsbodlise-nt th© invention provite a 
ceilxslase variant that ha® been subjected to substitutions, 
insertions and/or deletions, so as to comprise one or ^sore of 
the amino acid residt3ies at the positions identified ir. Tsble 4, 
below. Thfe positions in 1?able 4 reflects the "partly coit&erved 
assino acid residue positions" as well as the n on conserved 
positions present within of the axjbstrate in binding cleft 
all of which indeed are present in the aligned sequences in 
Table 1 V 

Sslscted sulsstitutioris, Insertions aitd/«r ti^im^m^ 
Positions Identified by CelTiUlase j^wbering 





^osit.ion 


teino Acid Residue 




4 






5 




5 


13 


k:,l 




14 






15 


H,S 




15 






19 




10 


20 


A, E,G,K 




21 






21a 






22 


A, F 




24 


li, ¥ 




m 






22 


D, K, !?, S 




34 


D, H 




38 


F, I, L, Q 




42 
44 






45 


N, S 


IS 


46 


(5, S 




47 
4B 






A 'J 






49 a 


















53 


A, G, K, S 




S4 












63 


A, D 



64 


D, I V 


65 


D, £, i^. 


66 


B, 


&B 


F, L, P, 


&^ 


A, T 


70 


L,Y 


71 




72 




7 5 




74 


A/F 


75 




79 


G, T 


82 


E, * 


SB 


A. G, 0, 


90 


r , Y 


32 




93 




95 




95j 




<f6 




^1 




9B 


ktP 


99 


h,V 


104 


L,M 


1D6 


F/V 


IID 


r4 , s 


111 


I , T , V 


113 


Q , V 


lis 


L,V 


116 




118 


G,N,Q/r 


119 




129 




131 








133 




134 


A, G 


138 


E. 0 


S 145 




.14 6 




J 50b 


* 


152 




153 




3.63 




166 




16^ 


F,W 


1?0 


F,K 


1?1 


A,F,¥ 


172 




173 




174 


F#??jl*^ 


17? 




178 


i>,l» 


179 




180 




193 




196 





wo 98/^530'? 
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In a y«t mor« preferred embodiment, the invasition 
provides a celiulase variant derived from a parental cellular- 
fey substitution, insertion and/or deletion at: one or more ami no 

s acid residues as indicated in -r.^bles 5-6,, beiov- The celDuldise 
variant may be derived fro« any parental celiulase holding the 
&mna acid residue stated at the position indicated. In 
particular the parental celiuiase may be a Bumicola i^sol&ns 
ceilulase; an AczBinonia:;^ sp. c^iiulase; a Volut&lla 

10 colUiCtotrichoides cellulate; a Sordarxa nmlcol& ceXiulasej a 
Thielavia terrestris celiulasej a Fus&rium oxysporum cellulase? 
1 Mvc^liophthora therri^ophila cellulate; a Cri/sip^IIis sca^ella 
c^alulase; a mcrophomlti^ phaseolina cellxiiase; a Ps^udomon^s 
fluox-BSi^&ns cellulasej or a Ustilago m^yais ceilulass. 

15 Horeover, the ceilxil^se variant may tee characteriKe^ by 

having improved g^erf ormance, in particular with respect to 

1. itssproved p^rf orssance defined as increased catalytic activ- 

2. altered setssitivity to anionic tenside; and/or 
20 3. altered pH optimum? 

as also Indicated in Tables ^h.^ positions listed in Tafcia 

5 reflect transfer of properties between the different cellu- 
la^as aligned in Table 1. The positions listed in Table 6 re- 
flect transfer of properties frow Humicoia insolens EGV to the 
25 other ceilulases aligned in Table l- 



S*ree«rr«i« c«li«l«!»e variants 

Positions Identified by CeXluIase Number intg 



Fi4A, (1) ; 

Sl&H, H2SS (1,3); 

K20G, K^aTA, ESOK, A20K, EZt>h. G2CJE, WB, 

5i <:j2D?v, h2GC (1,2,3) J 
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hZia, P22Pi, F226 {.!); 

V24*, *24V, 1,24V, *24L, h24* (1); 

V2SA, V28L, LaSA (1) ; 

S32N, KS^H, D32K, S32l>, 

S S32IC, K32S (2 , 3 )1 

J2BL, I3SQ, L3SI, F38I, Q^SI, LSBF, F3SL, Q3SL, 

F3SQ, Q3 8P (1) 
N45S (1) ; 

m S4 6G (1) ; 

E43D, iMS?^,, D4f5B, H48E, D4Sn , i 1 , 2 , 3 ) ; 

GSOM, (1); 

A53S, A53G, A53K, S53A, C53A, K53A, SS3G, S53K, C-53S, K53S, 

mm, mm (i, 3) ; 

M3 0 j 0631^ ( 2 , 3 ) ^ 

V64I, V64D, D64V, I64D, D64I (2); 

mss, mBD, umE, sssm, msn, essk, sssd, s65e, dsss, e65s, 

20 D65E, E6e>D (2) } 

men, DSST, KS^D, P6«H, 

P66T, T66P (2,3) ; 

rSSL, F6rr, FSSP, VSSF, LSSF, T6gF, VSSL, vesT, 

Vftar, L6SV, P68V, L68T, P68T 

25 (1,2); 

A69T, S6?>A, 1^69S (1); 

L70V, Y7C)L (I); 

Giih, Aim ii] ) 

F72\^, r72Y, W?aF, ¥7aF, mZt , Y12^ ii); 

30 A?3G, Q73A (1) ; 

A74F, F74A (1); 

T?5V, T75A, T7Sa, V7$T, V?5A, V75G, A75V, a?5V , 

A75S, a7&A (X) ; 

mm, Tim (xi f 

ASSOr ASSI?, QSBA, OSSA, E8SA# <58gO^ S^SSO, 

RS8G (1,2,3); 

mm, F»OY (1)? 
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A9aL {1)1 

Q93T, E^SQ {2); 

T9 5E, Hi'JBT (2) ; 

(I) ; 

5 G9?&, A97T ? 

A98P U)? 
(1); 

m&^h, L104M U)? 
V106F, F106V 

10 SliON, Milos CD; 

Txaii, TaiiV, IXllT, VIIIT, xixiv, villi ii)t 
Gli3Y, yil3G fX,3); 

V315L (II ; 

GI16S, GilSQ. S116G, Q116G, SlHiQ, 0116^ ^X); 

NUBG. r4U8Q, T118N, GilSM, a^SH, TlXBQ, 
QliST, G118Q, QliSG TO? 

nil^n. N11«>H (1,2); 

L.129V (i) ? 

113iL, I131A, AX31I, MS^Ii 

20 Gi34A, A134€ (1) | 

Si40N, H1400 {3.)? 

»i4eQ, ai46E (i^a,3) ? 

S& RXS3L, RiS3A. LX538, KXS3L, KXS3A, 

Ai53K, L153i^, A1.S3L (2)? 

X,163V, LX«3W, I«163L, Vi63W, m&3V (1) ? 
G166S,, S166G 

^■iftyp, F<fe9W <i); 

30 RITOF, FnOH (1,2,3); 

ri71Y, ¥l?iF,, Al?iF, Y171A, Al?iV (1); 

D172S, D172S, E172D, S172D, E172S, S172B (2|f 
WI7-5E, E.\73W (1,2,3); 

F374W, Hi74F, Wi74F, H17«, W174H (i) ? 
35 A177N, Ki77A (1); 

DU'SP, PI7SD (1,2,3) J 
N179V, V1?«N (i)? 
PISOL-, LISOP (1); 
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lASiM, IX53L (l); 

R1961, Ri96K, 119€K, {2/5}; 

Si97T {%) 



s 

S>r®«®rr«a c^imi&m v&xi&ntm 



10 L13K CI, 2, 3); 
HISS (1,3); 

A20K {1,2,3) / 

N21K (A ;>) ; 
IS (1) ; 

*24V, L2 4V {,1} I 

A28V, L^BV (1); 

D3at^, {2,3)? 

D34H {2); 
as L3SI, 0381 {!) ? 

(1); 

S4 &*3; {! ) ? 

D48E, {1,2,3); 
(1) :? 

2$ SBZh, G53A, K53A {!) ? 
mm (1, 35 j; 

063A (2/3) ; 

I 64V, DS4V (2); 
30 SBSii, E6?>N (2) 

f'^ 66 D , P6 , T6 6D ( 2 , 3 ) ; 

V68F,, T68F, P68F (1^2); 

S69A, T69J^ (1) 

11 Oh (1) 
3S A7XC (1) 

m2T, Y72F (I) 

S?3^ (i) 



F74A {!) 

V7ST,- A7S>T,, G75T (1) 
T79G (1); 

5 OSSA, GS8A, (1,2,3) 
F90V (3.) 
^^92L (1) 
QS3T, S93T (2); 
E95T {2); 
10 T9€S {13 ; 

A&SP 

L99V (1)^ 
l,mm (1)1 
IS F106V (1,3) ; 
NIIOS (1) ; 

mar, viiiT n) 

vaiSL (1); 
20 S3L16G, aXlSG (1) 

G118tS, QilSB {!) ? 

LX2W (1) ? 
L13II, iil31I (1)? 

E138a (l,a,3)f 

Q146E {1,2,3); 
D152S (2}; 
50 Ki5-3R, L.153R, A1»3R (2) j 
V16:5L, W163L <l)f 
(1) : 
(1); 

F:i?OR (1,2, -5); 
35 (1) ; 

E172D, Si72D (2) ? 
E173^^ (1,S,3) ? 
M174F, W3.T4F (1)? 
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N177A (1) ; 
PI78D (1,2,3); 
V17§N (1); 

CD? 

5 (1); 

11961^, K196]R (2>35; 



^it«r«4 tea^ifeility 'ig^warS:® ^aiosii«s '3?«»sia«tsi 

As snentioneid above, anionic tSinsid^s are prodxicts 
frequently incorporated into detergent cojEipositions . Sonnet i»es 
celiulclytic ensvfses havir.g an .increased stability towards 
anionic tensides is a desire, and scrastimss ceilulolytic 
ensyxties h^^ving an increased sensitivity are preferrsd> In a 
.Surther <=isvp&ct. tJvj invention pt-Gvide;s cailulase variants of an 
altered anionic tenside sensitivity. 

Accordingly, a cellulase variarst of the inv^rntion of 
altered anionic tenside sensitivity is a cellulase variant 
wliicli has been! derived f ross a parental; celiulase % 

10 ^ufes;titution, insertion and/or deletion at orse or more of the 
toilowing positionsj 2, 4, 7^^ a, lo, 13, IS, is, 20, 21, 25, 
26, 29, 32, 33, 34, 35, 37, 40, 42, 42a, 43, 44, 48, 53, 54 ^ 
S5, SS, 5S, 63, 64, 65, 66, 67, 70, 72, 76. 79, SO, 82, 84, 8S, 
SS, 90, 91, §3, 9S, 93d, 95h, 9Sj, 07, 100, 101, 102, 103, 113, 
X14, 117, 119, 121, 133, 136, 1^7, 139, 140a, 141, 143a, 

145, 146, 147, 150e, 150 j , 151, 152, 153, 154, 155, 155, 157, 
1S8, 159, 160c, i60«, 160k, 161, l€2 , 1&4, 5 65, 168, 170, 171, 
172, 173, 175, 176, 178, ISl, 153, 184, 185, 186, 3S8, 191, 
192, 195, 196 f 2 00, and/oi: 20 X (ceiluXase nxstsbering) , These 

20 positions contain, in at least one of ths: cellulase MiSKquences 
aligned in Table l, a charged or potentially charged aa 
residue.. 

In a particular^ es\bodiaent, the celluiase variant is 
derived fross one of thfe c&llnl^&m identified in Table 7, 
?5 foelov, ((a) Mumicola i.iiS0l0nB} (b) Acrsjsoniujs ^p.j (o) 
Voii?teI2a €:olI&ctotrlchoidest (d) Sordaria fimioola; {&) 
Thimlavxa t&rrestris; (f) Fuseriu^s oxy«poruJs; (g) 



36 



Vst.ilago maydiB) , by substitution, insertion ana/or delation at 
one ox- More of the positiorts id«nt:ifie<S in Tabia 7 for thase 

&ltsr«« saii»itivit:r townjf^s t«»si<S«s 
Positions identified hy Cellulase Nusiberinq 
(a) Hamicola insol&ns^ m AcrwnXuss sp. ; ;o) Volutella 
CoXl&ctotrxchaici&s ; m Sordaria timlcola; (a.; Thie-lavia 
terf0Strisi if) Fusarium oxysporum} <q) Myceliophthox-a 
th&rmophUa) (h) CrinipelUs sca^^elX^; {i) Macrophomixisi 
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Esigys5« compositions 

In a still further aspect, th$ present invention 
& re-lates t^o an enzyme doisposition cojsprising an enayme 
exhibiting c^lluloiytic activity as described shm^^ 

The enzysa^ coanpositio?^ of the invention ^ay, in 
addition to th« celJuias® of the invention, comprise one or 
jsore otber enayme types, for instance hemi-csilulase such as 
IS stylanase and jsanmnas®, other celluiase components, chitix^«s«, 
lipase, esterasse, pectinase, cutinase, phyt,a?.e, oxidoreductase, 
peroxidase, Iaccas«, oxidase, pact. inwss thy l«s-t.arase, 
polygaliicturonase, pror,ease, or sj«y ii^^s-::- , 

The ensyjse corr>posit Ion »>ay be pirep.sred m accordance 
X.S vith tsethods known in the art and Jsay b<} in the. ^orsr^ of a 
liquid or a dry cossposition^ Far instance, the ^nzyma 
co)sposition ssay be in the forsa of a granulate or a 
irdcrogranuiate. The eo?,yme to Ise included in the ocsiposition 
3ftay be stabilized in accordance with methods known in the art. 
ao Examples are given helow of preferred us«s of the 

ensyme com|.o«ition of the inventicn. The dosag® of the e-mymB 
composition of the Invfehtion and other conditions under which 
the coasposition is used isay be deterffiinetl on the b?ss>.s of 
methods Jcnown in tha art> 
2^ The enzyme cossposition according to the invention »ay 

be useful for at least one of the following purposes. 



mxring washing and w^saring, dyestuff from dyed fabrics 
or garssent will conventionally biased troTa the fabric? which th«n 
5 looks faded and worn, Ramoval of surface fibers fron^ the fabric 
will partly restore the original colors and looks of th«> 
fabric* By the t«rs5 *»color ciarif ication" , as used herein, is 
-srseant the partly r^JStoration of the initial colors of fabric or 
cfarmerst throtighout multiple washihg cycles. 

10 The term **d»~pilling'* denotes reisioving of pills froja 

the fabric surface. 

The tersn '*;r.oaking liquor'' denotes ssn aqueoxis liquor in 
whlcn .laundry may b<> issmersed prior to being sxibj<;cte-i to a 
conventional cashing proos^s^. , Tno vc>-\ku\<~i l?quor r-.:iy co-dai.n 

15 one or jnore ingredients converstionaliy used in a washing or 
iaun<2eriTvg process. 

The teria "washing liquor »' d^hotes an aqueous liquor in 
whicb iau«4ry is subjected to a washing process, i.e- usually a 
coKJbined cbexsioai isech^nical action either ^manually or in a 

2Q washing isachine. Conventionally, the washing liquor is an 
aqueous solution of a powder or liquid detergent composition. 

Tbe term «ri rising lia[«or« denotes an aqueous liquor in 
which laundry is ijs^aersed and treated, coiiventionally 
iffimediateiy after toeing subjected to a washing process, in 

2& order to rinse the laundry, i.e. essentially re.«^ove the 

aeter««int solution frois the. iswsdry. The. rinsinq liquor w&y 
contain « fabrxc cc-.ir::-dlt Ion ? nq or softening cojaposition, 

I'n*-^ laundry ssufc-jocted to ti^is? ssothod of the present 
invention raay hfi' conventional washable laundry. Prsstiarably , the 

:iO saior part of the laundry is sewn or un-sewji i&bxic^f including 
knits, ??ov«ns, denies, yarns, and toweling ^ made from cotton, 
cotton blends or natural or isanmade ceilulosics t;e>g. orig- 
inating froin xylan-ccntaining cellulose fibers such as fro^ 
wood pulp) or blends thereof. Examples of blends are blends of 

35 cotton or rayon/viscose with one or ^ore companion material 
sisoh as wool, synthetic fibers (e.g. polyamides fibers, acrylic 
fibers, polyester fibe.rs, polyvinyl alcohol fibers, polyvinyl 
chloride fibers, polyvinyl idene chloride fibers, polyurethane 
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fibers, pol.yarea fibers, «ra-;ixd fibers),, and ce llu lose -conta inn- 
ing fibers; c«?-9- rayon/ viscose, rasaie, f lasf./ lin^n, jxjte, csi.;u~ 
Xose ac«tat«i fibers, lyocell). 

DETERGENT DISCLOSXJEl AND EXAMPLES 

Th« dstsr^snt coispositions according to the presertt 
itivsntion oompris^ a surfactant systesa, -wherein the surfactant 
can be sel^^cted frojs jrtojtioxiic and/or anionic and/or cationic 
10 an<3/or assphoiytxc and/or zwitt<ferianic and/or sesjl-polar 
surf actarsts . 

The surfactant is typically present at « lev^i from 
0.1% to by weight- 

This sutrfactant is preferably formulated to be 
is co5iipatib3e vith ensiyme coiaponents present in the coinposition. 
In liquid or gel coinpoeitions the u'urx<»<cta?it is isost preferafciy 
forxRulated in such a way that It prosnotes, or at least does not 
degrade, the stability of any enzyme in these co?spositions. 

Pref erred systeuss to tee used according to the present 
20 invention corsprise as a surfactant one or mora of the nonionic 
and/ or anionic surfactants described herein. 

$»olyethylene, polypropylene, and poiytoutylene oKide 
condensates of alky I phenols are suitable for use as th« 
nonionic surfactant of the surfactant systems of the present 
ZB invention^ vfith the polyethylene oxide condensates being 

preferred. These compounds incimie the condensat.son proaacts of 
alkyl phenols having an alkyl grcR^p containing tton aboat 6 to 
about 14 cas-bon ato^vS,. preferably £ro« about 8 to about 14 
carbon atones, in either straight, chain or branched-chein con- 
3Q figuration with the aikyiene oxide. In a preferred ejrjsodiment , 
the ethylene oxide is present in an amount sgual to trom about 
2 to about 2S Jnoles, more preferably fro«> about -i to about 15 
sioles, at et-hylenB cjcide per mole o£ alkyl phei-soK Coiamercially 
available nonionic surfactants of this type include IgepalTK 
3S CO~S30, marketed by the GhF Corporation; and TritonTH X~ 
114, X~100 and X»102, ali marketed by the Rohss & Haas Company. 
These surfactants are commonly referred to as alkylphenoi 
alkoscylates <e.q>, alkyl phenol ethoxylates) . 
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The coridensation prodticts of pritsary and ^e^conaary 
aliphatic alcohols wi.t,h about X to about 2S laoles of ethylene 
oxide. ar« suitable tor us« as the nonloiftic siirfactant of the 
nonionic surfactant systems taf the present invention* The alkyi 

6 chai« of aliphatic alcohol can either be straight or 
branched, primary or stecondary, and generally contains fros^ 
about S to about 2Z carbon atosss. Preferred are the 
conaensation products of alcohols having an alkyl group 
containing froJa abotst 8 to about 20 carbon atoms, more 

10 preferably from about to about IB carbon atojss, with frost 
about 3 to abotit 10 isoies of ethylene oxide per mole of 
alcohol X About 2 to about 7 ffioles ot ethylene oxide and most 
preferabH' tron 2 to 5 s^-oles of atUyli^uc cxule per rt-.o!- of 
alcohol i-,sre present in said condensation prcckjct;v, Kxa^T.p'; es of 

15 cosisserciaXiy available nonionlc surfactants of this type 

include TerqitolTM 15-3-9 (The condensation product of Cl.l»Cl& 
linear alcohol with 9 jaoles ethylene oxidfe) , Ter^itolTK 24~L~6 
mm (the condensation prodwt of C12-C14 primary alcohol with 6 
moles ethylene OKid® with a narrow jsolecular weight 

20 distribution) , both jsiarketed by Union Carbide corporation? 
KeodoXtm 45-9 (the condensation i^roduct of Ci4-C15 linear 
alcohol with 9 ^oles of ethylene ojside) , modolTK 23-3 (the 
condensation product of Cia»C13 linear alcohol with 3*0 moiee 
of ethylene oxide) , lleodoITH 4S-7 (the condensation product of 

25 C14-CI5 linear alcohol with ? Jaoles of ethylene oxide) , 
)^eodolTM 45-5 {the condensation product of Ci4-Ci5 Linear 
alcohol with S tnoles of ethylene oxiae) remarketed by Shell 
Chemicijl Co3^,par<y, KyroTM EOB (the condensation product of C13~ 
CX5 alcohol with 9 sr^^oies ethylene oxidsi) . -r.arketed by The 

30 Procter & Ge-jshXe Costpany, and Gej)apol Lx\ 050 {thfe condeneation 
product of C12-C14 alcohol with 5 moXes of ethylene oxid®) 
marketed by Hoechst. Preferred range of HLB in these products 
is from S-ll and mo«t preferred fronts 8-10. 

Also useful as the noisionic surfactant of the 

3s surfactant systems of the present invention are 

alkylpolyisaccharides disclosed in US 4,S6S,647, having a 
hydrophobic group containing frost about 6 to about 30 carbon 
atoms, preferably frosa about lO to about 16 carbon atoBS and a 
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polysaccharide, e.<j« a poiyg iyc;:-sid& ^ hydrophxHc group 
containing fxroKs about 1,2 to about .10,- preferably from about 
1,3 to alO0«t 3, mosst pr«jf drably frojat about 1*3 to about 2.7 
saccharide unite. Any reducing saccharides coittairiing 5 or B 
5 carbon atoms can be «s®<$f qluoo&B, galaatoss ancJ 

galactosyl .sso.l«tx«s can be substiti3te«J tor tbe giucosyl 
Tsoieties {optionally the feydropfesfoic group is attached at th« 
2", 4«, etc. positions thus giving a ^Ixjcose or gaiactoi^e 

as opposed to a giucositJs or gaiactoside) . Thss inter saccharide 
io bonds cmt toe, ^ between the one position of the additional 

saccharide units arid the 2~, 4~, ajid/or positions on the 
preceding saccharide units. 

The preferred alJcylpo.lyqlycosides have the tormul& 

moimmm} t (giycosi'/i ) x 

IS where irs H2 is selected t:ro?s the groux> consisting oi: 

alkyi, alkylpb.or.yl „ hyaroxyaiky i , hydrcxya IKy Jpheny I , and 
ifiixtures thereof in which the aikyl groups contain troxu about 
iO to about IS, pr^fssrably froai abo^Jt to about 14, carbon 
atoms? h is. 2 or 3, preferably 2} t is fro^ 0 to about 10, pre- 

20 ferabXy Oj and x is tron about 1,3 to about 10, preferably fros> 
about 1.3 to about 3, ®£0»t preferably from about 1.3 to about 
2,7, The glycosyl is preferably derived from glucose. To 
prepare tbes© compounds, tb« alcohol or alkylpolyethOKy alcohol 
is forjsed first and the^n reacted with glucose, or a source of 

25 glucose, to for^ the glycoside (attachment s^t the i-position) . 
Tbs additional glyoosyi units can then foe attached between 
their l»position and the preceding glycosy] units 2~, :■>- , 4~, 
and/or 6~position, preferably prsdoxainax-stiy the 2~'por>itiGn, 
Ths? condensatio)"; products of etJiyl^rine oxide with a 

30 hydrophobic base forttsed by the condens-st ion of propylene oxide 
with propylene giyco.l ar;?- als;o suitable for use as the 
additional nonionio surfactant s:y«ste5ns of the presont 
invention, 'The hydrophobic portion o$ these coaspounds will 
preferably have a s^olecular weight fros3 about 1500 to about 
1800 and %?iil exhibit sfater ii^solubility. The addition of 
poiyoxyetbylene ssoieties to this hydrophobic portion tends to 
increase the vater solubility of the jsolecule as a whole, and 
the- li«3uid character of the product is retained up to the point 
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where the? poiyox^ethyleJise content is about S0% of tihe total 
weight of the condens«t.ion product, which corresponds to 
condesnsation with to about 40 moles of iSthyXene osfide. 
Examples of cosjpounds of this typ® include certain of the 
s coJKtaercialXy available FluronicTH stirfactants, siarketed by 

Also suitable for use th® sjonionic surfactant of the 
noniosiic surfactant syst^ss of the prss^nt invention, are the 
coMa«sation products of ethylene oxide v?xr.h r.he product 

10 resulting from the reaction of propylene oxide and 

ethylenediaTnine., The hydrophobic moiety of these products 
consists ox the reaction prcdu^ t o? -thy ieneci.1 asi-ire and exoNsss 
propylene oxide, and generally h<ss5 a molecular weight, of j:ro55^ 
about 2500 to r.a>Dut 3 000- This hydrophobic isoiety is condensed 

is with ethylene? oxide to the extent that the condensation product 
cc-ntAins fcrcs About 4 0% to afoo^st 80% by weight of 
polyoxyethyiene and has a molecular weight of from ahout 5,000 
to about 11,000. BscaTaples of this type of nohionic surfactant 
include certain of the coBmerciaily ^vailafoie TstronicTM 

20 ec*is|so*iiidS j BarlsetM toy mw^ 

Pr^ferrea for us-e as the nonionic isurfact«nt of the 
surfactant systems of the present invention are polyethylene 
oxide condensates of alkyl phenols, cona^nsation products of 
pritaary and secondary aliphatic alcohols with frors^ about 1 to 

S5 about 35 moles of ethyleneoxide, alkylpolye-jcchar ?des .. and 
tsixtures hereof. Most preferro<5 are CS-~C3 4 alkyl phenol 
ethoxylates having from 3 to 15 ethoxy groapi> and C8-Ci8 
alcohol ethoxylate;^^ ^preferably CIO avg.) having Jrajv, to 10 
et-.hoxy qroups, and ~<ixtures thereot » 

m Highly preferred nonjonic surfactants are polyhydroxy 

fatty acid asaide surfactants of the formula 
m - Q - m ^ Zf 

0 m 

3S wherein Rl is H, or Rl is CX-4 Isydrocarbyl , 2- 

hydroxyethyl, s-hydrossypropyl or a 8sixt«re thereof, m is C5-31 
hydrocarbyl, and S is a poXyhydroxyhydrocarlayl having a linear 
hydrocarhyl chain with at least 3 hydroxyls directly connected 
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to the chairif or sn aikaxylsited derivative thereto u . F'ret<srably , 
Rl is ssethyl, R2 is st.rai.qht, Ci.l-i;> aikyi or C16-1B aJkyI or 
alkenyl chain stach as «ocon«t alKyi or jsiistux'es thereof, and Z 
is derived froaa a rs^Sucin^ sstsgar such as glucose, fructose , 
& jsaltose or lactose <, itj a reductive agination reaction « 

Highly pref^rr^a anionic surfactants include aikyi 
alkoxylated sulfate surfactants, Eacampiea hereof are water 
solufole salts or acids of the formisia E0(Aji»S03J§ wherein R is 
an tJnsufostituted ClO~C-24 alkyl or hydroKyalkyi cfroup ha%^ing a 

30 CX0-"C24 alkyi coB^ponent, preferably a Cl2~c:?0 alKy^ or hydro- 
>£yaiKyX, xciore- preferably Ci2-ClS alkyj. or hydrory^siky 1 , a is an 
^thos^'y or propoxy unit, m is greater than sero, t,yrical.i.y 
bstweei-s aboxxt 0.5 an« s^feout 6, ss-orf! pref-erahly between about. 
0,0 and a&out, 3, and n is B or a ration which can tor 

15 esxajnpls, a -i^etai cation (e.g., sacUuss, potassium, lithiuss, 
caiciusi, tsacfnesiuts^ «tc.)^ amtsoniim or sufostituted-»ajsmonluss 
cat ion X AJkyi ethoxyiates^ sulfates as well as alkyl 
p-roposcylatM sulfates are contesaplated herein. Specific 
examples of substitute^d asstaoniuis cations include methyl- ^ 

20 dxjsethylj, tritsethyi-a^moniuES cations and quaternary aismoniusa 
cations such as tetramethyl-asjxaoninm and disaefchyl piper4ini«ss 
cations and those deriv&d fross alKyiamines such as etJsy larairje , 
diethyl amine, tr i ethyl am ine, sjixtures thereof, and the iiKe- 
Exemplarv surfactants are C12~C1S alkyl polyethoscylate (X.O) 

25 sulfate (ClS-CiSECi.CO^M) , C12~Ci3 aXKyl polyethoKy lat^ (2.25) 
sulfat-e {C12~CIS{2.25)M, and C.\2~C1S alkyl polyethoxy late ;3,0) 
siilSate (Cxa-C18E(3.0)H) , a^nd QlZ-ClB aiky.1 polyethox'yiate 
(4.0) sulfate {Ci2~Ci8E(4 . 0)M) . wherein H ij^: conv«;n ientiy 
selected trord s-odlu^* .-isnd por.ass lu--,. 

30 Suitable anionic surfactants to be used are aikyi estar 

sulfonate surfactants including linear esters of CS-CgO 
carbo>«ylic acids (i.e., fatty acids) which ars: sulfonated with 
gaseous SD5 according to "The Journal of the A^sserican Oil 
Cheisists Society**^ 52 (19?S) , pp. 323-329. Suitable starting 
materials would include natural fatty substances as derived 
from tallow, paiis oil, etc. 



Tb.«5 preferred alKyi estsr sul$onat:e surfactant (. 
especially for laundry appii-cstiorss, cosspri®^ alKyi e«it.^r 
sulfonate surfactants of the structural torsiulas 

0 

* II 

R3; - m - e - : eiss4 

:l 

wherein E3 is a CS~C20 hydrocarbyl, preferably an 
1.0 alky I, or comhination thereof, is a Ci~C€ hydrocarbyi, 

preferably an alKyl, or cocsbiitation tlsoreof , and M is a cation 
which forsas a vater soluble salt with the alKyl ester 
sulfonate. Suitable saXt~f orssing cations include metals such as 
scdiunj, potassiuRt, and lithiuia, and substituted or 
1^ -unssubstituted ams^oniuw cations, svixCh as sfionoethcinolajtsinef 

diethorsoXamine, and triethanolarsirvr , Preferably, ^3 is C10~C16 
alkyl,, and R4 is njethyi^ ethyl or isopropyl. Especially 
pireferred are the methyl aster sulfonates srherein E3 is Ci0-C16 
alley 1^ 

20 Othsr siiitabie anionic surfactants include the alkyl 

sulfate swrfactants which are water sclutale salts or acids of 
the forsiula wherein R preferably is a C10~-C24 

hycSrocarfoyl, preferably &n alkyl or hydroxyalkyl having a C10~ 
C20 alkyl comssoj^ejtt, S!or« preferably a C12~C18 alkyi or 

2S hydroKyalkyl, and H is H or a cation, e.g., an alkali metal 
cation (ts.g, sodium, potassiijia, lithiust), or aiasjonium or sub- 
stitxited aMoniuss (s^g, si«thyl~, dinaethyl-, an4 triisethyi 
a^Hsonium cations mvi sjua ternary amwoniuw est ions such as 
tstra5r..ethyl~amj!5onium and dissethyl piperdiniuffi cations and 

30 quar.ftrn.Hry ams>onium cations derived from alkyr^andnes such as 
sthyiamine, disthylasune, triethylaj^ilne, and mixtures there,oS , 
and the like). Typlcaily, a.1>;yl cnains of C12-C16 are preferred 
for lower vash ter-p-s-r.-.tur (e.-s, below about 50-C) and C16--caB 
alkyl chains are prefer^^sd for higher wash temper at ur as (e,g, 

35 above about 50*C) » 

Other anionic surfactants xjseful for deter ssive purposes 
can also foe included in the laundry determent compositions of 



the pressnt invention, Thesas can include salt^ (txiciudingf for 
example, sod.suj?», potass^iujs, a^i^onxuss, and s^ubstltutfed as«monius> 
sails !.5uch as mono- and txi«thano J assise salts) of soap, C8~ 
C22 primary or secondary aikanesulf onates , cs~C24 
s ol«f insulfonatss, sulfonated poiycarboisyXic acids prepared by 
suifonation of th® pyrolyaed product of alkaline earth 5««^tal 
citrates, e.<g,> descriteed irs British |>at«int specif Icat ion 
Mox l,0S2,a79, C8-'C24 alkylpolyglycolethersulf atfes (contairsing 
tip to 10 moles of ethy^^erse oxiae.) ; aiky3 glycerol sulfonates, 
10 fatty acyX glycerol sulfonates, latty olayl cjiy^^J^oI sulfates, 
alkyl phenol ethyjene oKiUo ether sait«l:!;>f:<, p-ir^ffin 
sulfonates, aikyi phosp^.ates, iscthK>nat^^-=^ suck ass the acyl 
isethionates, ti-acvi taurateis , ai'^y] s?;^,-'.-. i!.an\tr.;.v, ^^^a 
s\5lf osuccinater , snonoctstecs c-f suit o;->u H\^te i- {c■ii;<^^^;'^ o ; .y 
.IS saturated and unsaturated C12~C18 raonoestors) and d testers oi 
iSAiUoi-.xicc- nates (e;jperJ^Uy sat\ir^t«!d and unsstwrated 
diesters), acyl sarcosinates, sulfates of aikyipolysaccharides 
s\3ch as the sulfates of aikylpoiy^luooside (the nosiionic 
nonsxilfat«id coxapovinds being descrifoea below) . branched prij^ary 
20 alkyi sulfates, and alKyl polyethoKy carboxyiates such as those 
of the formula R<?(CH2CH2O)k~CH2C00-H* whereXT) E is a 
aikyl, k i» an intesjer frosj 1 to 10, arsd M is a soluble salt 
fors&lTig cation. Hesin acids and hydrogenat«a resin acids are 
also suitable^ such as rosin* bydrogenated rosin, ana resin 
2S acids ana bydrogsnat^d resin acids present in or derived fross 
tall . 

AlkylbenKsn^ sulfonates art- highly preferred, 
Especially prefericed are linaar {straight-chain) alkyi benaane 
sulfonates (LAS) ^-^herexn the alkyl 9^o«p preferably contains 
30 frosn iO to IB cafbcn atosss. 

Fur th'-r examples are described in **Sisrface Active 
Agents and Detergents" (Vol. X and II by Schwartz, Perrry and 
Berch) . h variety of such surfactants are also generally 
discicised in US 3,9S8*S?8, (colusjjn 23, lirse 58 through Column 
3S 2B, line 23, herein incorporated by reference). 

m&n included therein, tbs laundry detergent 
cosipositions of the present invention typically coisprise from 
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about 1% to about 40%, preferably fros* alsout 3% to a&out 20% by 
weight of swcb anionic surfactants. 

Th« iaijnary dstssrgent compositions of the present 
invention may a.lso contain oationic, asispholytic, xvfitterionic, 
5 at^a sss!i»poiar surfactants, as wll as the non ionic and/or 
anionic surtactants oth^r than those already described herein. 

cat ionic detersive s\5rfactants suitable for use in the 
l-sunary detergent compos it iojjs of the present invention are 
those having ana long-chain hydrooarfoyl group. l-xarRples of such 
10 caticnxc surfactanrs include the a3T(:^k->niu!5i surfactants such as 
aikyitrxT^^athyXassmonAujr! haiog^nides,, .^snd those surfactants 

having tte tmmiat 

|E2 (0R3 ) y ] 1 R4 { 0R3 ) y } 2 R 
•fefherssln Ra is an alkyl or alkyl Dc;n.?vi. ■-.'roup having 

15 from akxsyt 8 to about 18 carbon at055^s in the alkyi chain, each 
m is seiectM fcrjss the grotsp consisting of -cmcuZ", ~ 
CK3CH{CH3)~, -CH2CH(CHaOH)», -CH2CH2CH2-, and mix'turss thereof; 
each R« is selected froja ths group consisting of C.1-C4 aikyi, 
C1-C4 hydroxyalkyi, benzyl ring structures fornssd ijy joining 

20 the two K4 ^groups, -CH2CH0HCHOHC0R6CHOHCH2OH, wherein R6 is any 
hexose or hessose polyjser having a laoiacular weight less than 
ahout 1000, and hydrogen ^sfh^n y is not 0; RS is the saine as R4 
or Is an aS.kyI chain, wherein the total nusafeer of carboii atoms 
or R2 plusi Ri. is not siore than about IS; each y is frcs? 0 to 

25 about 10, .and th-.- sam of the y values is from 0 to about 15; and 
X is any compatible anion. 

Highly pre£«^rT«a cationic ^surfactants are the vater 
soluble quaternary ammonium cojspounds useful in the present 
composition having the formula t 

mmmmn'i'X^ (i) 

El is C8«C16 alkyl, each of R2 , l<:< .and F4 ir> 
tiy C1«C4 alkyl, CX~C4 hydroxy aikyX, ben^yi, and - 
(C2H40)>fH Where a has a value from 2 to 5, and X is an anion. 
Kot ^ore than one of Ra, m or M should he bensyX, 

^fhe pr«f«rred alkyI chain length for Ri is C12~C15, 
particularly where the alkyI group is a mixture of chain 
lengths derived from coconut or palm kernel fat or is derived 
synthetically by olefin build up or OKO alcohols synthesis. 



Preferre.d groups for F2F:3 and k4 are Jfsethyi and 
hydroKysithyi groups and the anion X say be selected from 
halide, ssethosulphats^, acetate and phosphate^ ions. 

Exansplas of suitable quatsrnary ammonium compounds of 
fonsxilae (i) for use hsr^ift sre; 

coconut trijsafchyl asJssoniuiB chloride or i3roisi<ie? 

coconut 3a«thyl ailjyarosjyethyl assssoniw chloride or 

decyl trifethyi amiaonium chloride f 

decyl dlrsethyl hydroxyethyl axausoniuis ohlorids or 

ditsfetbyl hydroxyethyl amisoniuis chloride or 

coconut diiaothyl hydroKyothyl amtsoniujR chloride or 

Kyristy.1 tri.T>et.hyl ar,nsoniur> rsethyl sulphate; 

lauryi diwethyl benzyl amonAum chloride or brosaias? 

lauryX dimethyl (etheriOKy)4 avmonium chloride or 

choline esters (cosapotJBds of formula U) wherein Hi is 
CH2»CH2-0'»e~cl2~14 aikyi and are ss&thyi) . 

I! 

di-alkyl issidaxolirses fcoiapounds of foriauXa (i)]. 

Other catiosvic siurfactants useful herein ar& aXso 
described in US 4,S2S,044 and in EP oof) 224 > 

lichen included therein, the laundry detergent 
compositions of thr- present inventios^ typically coiuprl^e froBs 
0,2% to about 25%, preterably from about 1% to about 8% toy 
weight of such cationic surfactants < 

Asspholytic surfactants are also suitable for use in the 
laundry detergesit cosapositions of the present invention. These 
surfactants can be broadly described as aliphatic derivatives 
of secondary or tertiary amines, or aliphatic derivatives of 
heterocycXic secondary and tertiary amines in which the 
aiij>hatio radical can foe straight- or branched -chain, one of 
the alip-hatic substituents contains at least about s carbon 
atoms, typically fross about S to about IB carbon atosis, and at 
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least one contaii^s an «xjio«ic water-soiubilizing -gro^gj. ©.9. 
carboxy, suifanate, sulfate* See US 3,939,e?8 (column lin^s 
18-35) for examples o£ ajspholytxc surfactants. 

miBXi includaa therein, the laundry detergent 
5 cojspositiojis of the present invention typically coiapris« from 
0,2% to about 15%, preferably from about 1% to about 10% by 
weight of s«ch ajapholytic sxirf actants. 

gwitterionic surf acti=snts are also sujrabie for use in 
laundry detergent cossposJ tions , T,nes« surl aot.aar.s can be 

10 broadly described as derivatives ot ss-corjaary and tertiary 
arsines, derivatives ot heterocyclic s^^rcndary and tsrt.t'iry 
ajnlnes, or der j -/at. 1 ves o^ quatern.^f A>n,rvn^iurSf quaternary 
phospnoniuTts or tiertiary suitonluw cosr.pounds, See US 3,929,S?S 
{column 19, lir)B 38 throxiqh colxtmi 22, line 48) for eKaiaples of 

15 Kiw-itterionic surfactants. 

Is'hen included therein, the la^indry detergent 
costpositlons of the present Invention typically ccssprise from 
0.2% to about 1S%, preferably from about 1% to ateout 10% by 
weight of such svritter ionic surfactants, 

ao Seisi-poiar nonionic surfactants are a special category 

of no«io«ic surfactants which include water-soluble amine 
oxides containing om aikyi moiety of fros? abour 10 to about 18 
carbon atoms and 2 jaoieties selected froia the grox.y o..-n...r-,ting 
of alkyl groups and hydroscyailcyl Qroupt= cont->ij nines rrc-n .ux>=.5t \ 

2S to .3bout 3 carbon istows; vaterstUuble pno^pnin« oxides 

containing on« alkyl moiety of fros\ about 10 to about: carbon 
atoms and 2 uioietier^ seiectei froa the group consiistinq cf 
a.ikyi groups and hydroxyaikyl groups cortaining froijs about 1 rc- 
abijut ■< carbon atortsy; and water-ssoiuDie sulfoxidea containing 

50 one alkyJ mciety from about 10 to about 18 carbon atons and a 
T5ioiety selected fro® the group consisting of alkyl and 
hydroxyalkyl moieties of frosR about 1 to about 3 oarbon ato?ss« 
Se-jsi-polar nonionic detergent surfactants include the 
amine o^ide surfactants having the formtaia: 

t 



wherein .R3 j.s5 <in alkyj ,■ nydroxyal>:yl , or alkyl phenyl 
group or siijstures thereof containing from about, B to about 22 
carbors atojss; R4 i» an alkyiens or hydrojfyalKy lene group 
containing from about 2 to about 3 carbon Qts>j?^s or mixtures 
s thereof; x is from 0 to about 3$ and each R5 is an alkyl or 
hydroxy alky I group coatainiiig fro3« about 1 ta abox^t 3 carbon 
atosfis or a polyethylene oxiae growp containing from about .1 to 
about 3 filthy Xene osside groups. Tho BS groups can foe att*schea to 
each othKr, e>g., through an osjygen o.r nitrogen atom, to forjs a 
10 ring str-ucture, 

The&e amine oxide surfactants in g>articular include 
CiC~C18 alkyl dinsethv] arj.ne oxides and C8-C12 aikoxy ethyl 
dihydroxy ethyi a^jsir.e oxi-lfi'S, 

Wher.- .s-'-iC ■ herein, the laundry d^Jtergent 

15 cojr.posslt ionss of the pre;:ien;. invention typically corspriss troxn 
0>a% to about 15%, preferably fro» about t:o about 10% by 
weight of such semi-polar nonionic siirSacts^nts. 

2p The compositions accordih^ to the present invention aiay 

fwther caiJiprise as builder systeis. Any conv^entionai builder 
Bystenj is; suitable for use herein including alussinossiiicate 
ssateriaXs, silicates, polycarboxylates and fatty acids, 
materials such as ethyl enediasaine tetraacetate, metal ion 

2& s«i(3uestrants sxich as ajainopolyphosphonateB-f particularly 

ethylenediari^lns: tetramethy lene phosphonic acid and diethyiene 
tr Iajnln«; pentajsethylenephosphonic aicid. Though less preferred 
for obvio'o.s sn'svironssental reasons, phosphate builders can also 
be tsisesd herein- 

*S SuitsibiS! builders can be an Inorqanlc ?on oxchanqe 

saateriai, commonly an inoriganic hydrated alu^ftincsil i,cate 
saaterial. snore, particularly a bydrated synthetic xsolite ouch 
as hydrated aaclite A, X, B, SIS or mp. 

Another suitable inorganic builder material is .layered 
3S silicate, e.g, SKS~& (Koechst) , is a crystalline layered 

silicate ocnsisting of sodium silicate CHa2Si205) . 

Suitable polycarboiiyXates containing one carbosty group 
include lactic acid, glycolic acid and ether derivatives 



thereof as disclosed In Belgian Patent Nos^ S3a,3f:>o, a2i., 3<=.9 
an<3 &31,37av Polycarbo>£ylates containing two carfooxy groups 
inclxsas the water~sol^b,le salts of siiccinic acid^ stalonic acid, 
(ethylenedioxy) diacetic aci«^, isaleic acid, diglyccilic acid, 
5 tartaric acid, tartrcnic acid and fusiaric acid, as w«ll as the 
ether carboxylates described in Serbian Offenie-enschrift 
2,446,686, ana 2,446,487, US 3,^3S,257 aiid the SUlfinyl 
carteoxyiates describaa in Belgian Patent No, §40,623, 
Polycarboxylates conta string three carboxy groups include, in 

TO particular, water~soiuteie citrates, aconitrates and 

citraconatas as well as sucainitte derix'-^tives such as the 
carboxyjniS?thy loxysuccindte.-. Ar.\cribed British Patent Ho. 
.1,379,241, lactoxvsucCinAOs -h-->-mb<?d 53^ N^etherjand^ 
Application ??0Sg7-j, and t-ss*-- o\vpolvi .a « \ i -ite }-V'.t<~<? ■ s sxsch 

IS as 2-oxa~l, 1, , 3-»propane tr icarteoxyiates described .in Brir,ish 
FatfeJSt m. l ,-38?i 44T. 

J»olycarbo5Eylat0s cojKtainin^ four carboxy groups inciuds 
oxy(Sis\JCcinat«ss discsiose^ in British Patent No, l,26i,S29, 
l,l?S*2,-«etharie tstracarboxylates, i,i,3.,3«»pro|>ane 

20 t«stracarboKyiates! containing s\slf© sabstituents inciud© the 
suifos«ccinat« deriYativ^s disclosed in Britisis ^^atent ??os- 
l,3§S,4ai and 1,398,422 a?5d in m 3,936,448, and the sulfonated 
pyrolysed citrates dsacritosd in British Patent SKo- i,082,i?5, 
vhile polycarbOKylates containirsg phosphone aufostituents are 

ss disciosaa in British Patent Ho, l,439,ooo^ 

Allcyciic and het.erocyclic poiycarboscylates? include 
cyclopentaJ-ie'~cis;,cis~clfj~t£;trauar.baxylatas, cycJopent;adienide 
pentiicarboxylates ,, T , :^ ^ 4 , S-tetrahydro-f uran - cis, cis, cxs- 
tet-racarfooxylates , / ,i— iu; r-jrivdro-'Surxan'-cis , d.iscarboxy lat«s, 

30 ? , , 5 , 5,-t«?.trahydroSuran - ttscracarboxylates, 1 , 2 , 3 , 4 , , ft- 
hexane - nexaoarboxylates and carteoxymethyi derivatives of 
polyhydric alcohols mvtch as sorbitol, mannitol arsd xyiitol. 
Aromatic polycarbosiylates incitsde mellitic acid, pyromeliitic 
acid and the phthaiic acid derivatives disclosed in British 

tS Patent No, 1,425,343. 

Of th«s ab<jv«, the preferred polycar bOKyiat.es are 
hydroijy~carbo5cyiatesi containing up to three carboxy groups per 
sjolecuie, tsore particularly cltratas. 
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Praterr&d build^i>r sys -cs:^^^K for use in t:b:-: prs?s;<sn->t, 
cosspositions include a mixt^ure of. a water~iasolui->le 
alumir.osil icat.e builder such as Si.®oIlte A or of a layered 
silicates (SKS~6), ana a vater-soltible carboxylat« chelating 
5 agent sxjch as citric acia* 

A siuitable ch^iasst for inclusion in th« deterg<ent 
coi&posi-ions in accordance with the invention is 
ethylens;dia^in«~N,H'~aiswccinic acid (EDDS) or the alkali 
sietal, alJcalin^s «arth metal, ajsmonim, or substituted ammoni'tiin 
XQ salts thereiSf, or s»iKture& th«r«^of» Preferred EDDS co;sipounaB 
are thsi tree acid forss and the. sodiUTn or jsagnssiuju salt 
thereof, Exaraples of such preferred sodiuir of EDDS 

include t^a2EDD5 and Na4EDDS, Exaxftpies of such pre t erred 
;na'3nesiufn salt© of EDDS include HgEDDS ar-d Mg2SDDS, The 
as saagnesiui-i salts are the r^ost preferred for ij-sclxjriion in 
cojBpositions in accordance v/iuh tfu;: Invention, 

Preferred builder syste-sns include a mixture ct a water- 
insoliibl« aluisinosilicat^! teuilder such as zeolite A, and a 
water soluble carboxylate ch8lati?>g agent such as citric acid, 
ao Other builder materials that can form part of the 

builder system for use in granular compositions inclusle 
inorganic materials such as alkali metal carbonates, 
bicarbonate« , silicates, and organic materials such as the 
organic phosphonatas, amino polyalkylene phosphonates and amino 
m poiycar boxy lates . 

Other suitable water-soluble organic salts are the 
hoao" or co-~pol>=i«eric acids or th«lr salts, in which the 
polycarboxyl ic acid castprises at Ie.i5s5t. two carboxyl radicatls 
separated forjii each csther by not jf.orss than two crir,bon atoas- 
30 Polymers of this type are disclosed in GB~A~l,-596, 756. 

Exa355ples of such ssalts are polyacrylatea of MW 2OG0-5000 and 
their copolymers vj'ith jsaleic anhydride, such copolysiers having 
a molecular weight of from 20,000 to '?a,C500, especially about 
40,000. 

3S Deterg«hcy bulMer salts are normily included in 

a?80unts of from 5% to 80% by v?eight of the composition. 
Preferred levels of builder for liquid deter^gents are from 5% 
to 30%. 



Preferred dmmm&nt. cosaposifetoBs, iii asidition to the 
mnzw^ preparat:ion of the invent ioft, cojsprise other en2yine{s) 
s which provides cloanirtg psrfOTanc;« aiM/or f&toric care 

Stsch esnay^ses include proteases , lipases, cutirvases, 
assylases, celittiasBes, peroxidases, oxidast^s laccases) < 

Frotea^esj Any prot®ast=i suitable £or use in aXKaline 
10 ssolutioKS can tss^sa. Suitable isrote^ases include rhose of 
animal, vegetable or ssicrobiaJ oris^in. Hicrobial oriqin is 
prisS erred. Cbeaically or genetically modifiea :njt,,rtF. ar<. 
included. The protease stay be a sfi<r.ine protease, pr-fer-^bly an 
aXk.?.Hn& microbial protcas;e. or ^ trypsin-like prot.f-^i^e . 
15 FxATnp I es of alkaline proteases ara subrilisins , espacxally 

t!u->-se deriv*>« tr ore-. Bacillus , e,q>. ^jubtilisin Have,, subtilisin 
Carlsberg, sufotiXisin 300, sxjfotlUsin 147 and syfetillsin ISB 
(described in wo 89/06279), Bxajaplias ol trypsin-iik® proteases 
ar© trypsin of porcine or toovin© origin) and the Fasariu'.« 

20 proteass! described i« 

Preferred ccOTmerciaiiy available protease enzymes 
incitids those sold under the trade names liicaXase> Savinase, 
Primase, Duragyis, and Esperase toy jsiovo J^ordi^k hfS (Denmark) , 
those sold under tha tradenasve MaKatase, Maxacal, Maxapem, 
25 Properase, Pisraf^sct and Purafect OXP by Genencor International, 
and t:hose sold under the tradenaiae Opticlean and Optlssase by 
Sol^ray En^ysRes. protease enxyjses may ba incorporated mco the 
corr^positions in accordance with the invent. ion at a levei of 
zrova c>,(n-!00i% to of ensyjne protciin by we.igbt oi^ r..ne 
30 oojspositlon, preferably at a level oC trom O.OOCl.% to i-t of 

eni;vma protein by wfdqht of the cosaposit-ion, more preferatoiy at 
a level ot tx'om o.DOI% to 0.5% of enzyme protein by weight of 
Ehe cosnposition, even mors preferably at a level of froia 0,01% 
to 0.2% of en^ynje protein by weight of the co3»position, 
35 Lipases? Any lipase suitable for use in alkaline 

solutions can be used. Suitable lipases include those of bac- 
terial or fungal origin, ChesilcaXiy or gersetically ssodified 
mtttant^ are included. 
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ExasTipies of us&ful lipases include a Humicola larsug^- 
nos& lipase, e,^,, iss described in EP Z5S 068 and EP :?0:> 2,U>, a 
Rhlmomucor lipase, s^g,, as described in EP o;; *, a 

Candida Hpase, such as a C-. antarctica lipase, e.g., ths? C. 
s ant^ratics lipase A or B described in EP 214 76i, a Ps&udomonaB 
lipase sx3ch a>s a P. slcalxg&nBs and p-seudaalcaiigejies 
lipase, «!.g., as; de^criteed in 218 272, a P, cepacia lipase, 
e^g*, as described in ES* 331 376# a P» stiztz&ri lipais^^, e.g., 
as disciDSi&a in GB 1,372,034, a P, fluor&scens lipase, a Bacii- 
10 i«s lipase, «»9«, a B. suMiiis lipase CDartols et ai., (1993), 
Biocheiaica et. Biophysica acta lX3lf 253-260), a B, st^aro-- 
thBrmophil-us lipase {JP 64/744992) and a pamiXixs Xipas© {m 
SS1/1S 42 2 ) . 

iS including the 

Yassaguch.l et aK ^ (1991), Gene 103, 61-67), th<s=> i";p;;rrj\--ir!, 
ca/K?idus? lipase (Schijsada, Y. et- al,, (1989), J. Biochej^., lOsj, 
383-388) , and various Bhizopus lipases such a» a R« d©lejsa.r 
lipase (Hass, ^!,J et al,, U9&lh <*®J^« i03* 117-113), a R, 

20 «iveu0 lipase IKisgimiya ^it al,, (1SS3), Blosci. Biotech. 
Bioclie;j!j. S6> 7X6*73.9) an<i a oryi^m llpasex 

Other typiss of lipolytic enxysses such as cutinas<ss sjay 
also \jsn&ful, a cutinase derived trota Ps&vdomonas 

m^ndocina as dsscribed in WO 88/09367, or a cutinase derived 

2S fross rusarium soia^i pisi (e.g* described in 90/09446) , 
Especially suitable lipases are lipases such as Ml 
LipasosTH, L-uma lastTM and LiposnvaxTM (C^fsnencor) , LipoIaseTK and 
Lipolase DltraTH fMovo Kordisk A/S) , snd Lip,5se P *<A3sano'* 
(Aisano Pharm-jceut icrti c-*. Ltd.), 

30 The lipases are norrrally incorporated m the der,erqent 

co3r,pcsit ion at a level ot; £ro}« 0.00001% to 2'i ol ensysne protein 
by weight of the composition, prel'erably at a level of fro??- 
0,0001% to 3% of engyjse protein by w«!ight of tne cojnposit icn, 
ssore pre-Serably at a level of. from 0.001% to 0x5% of ensyrrse 

3S protein tey weight of the cosaposition, mt^n jaore preferably at a 
lev^l of frcssi 0,01% to <5.2% of ansysje protein by weigbt of the 
coasposition. 



hxt^ylBB^Bi Axn^ mvvL:i«-e (a and/or b} su.1.tafol^^ for iJi 
alkaline sjolutions caii be ussed- Suitable arr.yXases include t-hose 
of bacterisl or itsngal origin. Chessjscaily or genetically md- 
iSied BUtants are. included. Mvylas^s include, for exaisple, a~ 

s amyiases obtained trcm a special strain of IxchBniformis, 
described ir^ taore detail in GB 1,296,839. CMercially 
available axsyias^s are DuraasylTH, TermansyiTM, Fun^amylTM and 
Bmm ^available fro® i^ovo J^ordisK A/S) and RapidaseTK a«<i 
HaxaT»yi PTM (available f rojs Genencor) . 

The amylases are norssaliy incorporated in V-hc deteraejK 
cosnposition at a level of from O.OOOOi?- to 2% o£ en,^y«^e protein 
toy weight ol: the composition,, preferably at a level of frosr^^ 
0,0001^ to 1% or enzytar:; protein by weigh* oi: the coKposirion, 
jsore preferably at a level of from V.o 0.b% of enzyme 

ih protein by v/eiqht of the cos^posltioxj, even siore preferably at a 
Xevel of froK) 0.01% to 0.5% of enxysie protein fey weight ot tbe 
composition. 

CeXiuIas^s? iiny ceXiulase suitable for use in alKaline 
solutions can tee used. Suitable cellulassts include those of 
20 bacterial or fungal origin. Cheisiically or genetically isodified 
rautants are irtcluded. Suitable cellulases are disclosed in US 
4, 4:1s, 307, which discloses fungal celiuXases produced irrorr. 
MumicQla inBol&m. Bspecially suitable celiulases are the 
celluiases havim oolonr care benefits. Exainples of such cellu- 
25 lases are c^llvaasea described in European vatc^nx „<i>plicat.ion 
Mo. 0 495 257 asid the endoglucartase of the prcsiont invention. 

Com-mercially available- celluiaser^ include CellusynieTK 
produced by a strain ol mjs'jcoia insolens . (Novo Mordisk A/S) , 
ai^<2 KAC--500(B)TM (Ka*^ Corporation). 
30 celiulases are nonnally incorporated in the detergent 

co.'spDyition at a lovsl of tro^> 0,00001% to 2% of ensyjse protein 
by wesqht oC t.he co5«pos5it ion, preferably at a level of fro^ 
0>G001% to a% of enisyme protein by weight of the cojaposition, 
ssore preferably at a lewl of frosis 0.001% to 0.5% of en^syate 
,3S protein by weight of the coxsposition, even ssore preferably at a 
level of frois to 0.2% of enayis® protein by weight of the 

cossposition X 
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Percy ?c3afs^-<^/uxia - Ah r x\ o-^vsca ^ a^i^u 'i^i 
co^8D5natir\», With nyv.Uo«o-- ->r j sj^urc^^ Xt->^reci i,e,c, 

used i3-5 oomr-ination vf^th oxyg«sn, Foth type;- or er.^v^-^'s are us!,J 
b for "solution foieaching*% i»e< to prevent transfer of a textile- 
dy« from a dyed fabric to another fabric wh&n fabrics ar® 

washed tog«>ther in a wash liquor, preferably together with -irs 
enhancing agent as aescritaea in s.g, m 94/3.3631 ahd WO 
y5/0l42fe. Suitable p^ro^idases/oxiaases xnciu<3e tbose of plant, 

so bacterial or fungal origin. Ch«iaically or genetically -nodsried 
snutaipjts ar© included . 

?ero\id J*-.*- dnd/or oxidase enaymes are noriaaliy 
^TiCorr^jy-teK-i \i t^e deterqejit cosspo^ition at a of from 

C.<^iK,'"ll ^ o yrse »rot*»in by weight of the co?5tpo?.ition,, 

:5 p-i ^«^xa!.a\ t - -J^vt^ ^ * *ron 0.0C!0--"> to 1^ ot .'xvyme protein 
bv w.-vo^t th<- *o~pc^^ticn, ov{ ojrfi'-ii^ls v a ievs-l of 

ooiaposition, even moto prefe^^io v a t ^ M * :ro,-3 O.Dll, to 
0.2% ot ensysse protein by wxght cr the co^po*- . tion < 

I1ixtur«s of tiie above mentioned snay^je?; ar<=' i«nronpsssed 
herein, in particular a mirtura of a proteas«=>,, «sn aj^ylase, a 
ilpiasse mm/im a <seXltitlas«. 

Th«> enstyms of the invention, or any other anzyjse 
incorporated the determent cossposition, rsorsaally 
2h incorporated in the detergent composition at a level £ro^ 

0.00001% to 2% of engyme protein by weight of the cortiposition, 
preferably at l&vml frois 0,0001% to 1% of engyjae protein by 
^^>e^q^t c > ^ t-<?.-^?5asit:ton, ^iiare pief<ej abjy at -j le^'el t rois 
0""^ >\ i.>t t^ri; y?!^r pxoteir by 'A^-'gbt c*- t^t corpositiors, 

?o *^ve^ ^ors preferably at a ieve.3 fros Q.Qll to Q.Z\ of ensyjne 
proteitj by weight of the compoaitioft* 

Addo-tiunal optional dctserqant inv|Scdients tnat . 
35 mcliidad xn the deterg«iT5t cojspositions of the present invention 
include b3eaching agenta such as PBl, PB4 and percarbonate with 
a particle Biz& of 400-800 jsicrone. These bleaching agent 
coTsponents can incjludo one or isose oxygen t!?ieachs.ng agersts and. 
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dependinj? upon the M«aching agent chosen. on« rx \yvt, bxeach 
actiiva tiers, 'f?hen present <3a«yg®n bleaching c;os£lpoun.•Si^ v<:,ll 
typically pr«serst at levels of from about 1% to about 
In general, bl^^chirsg cosspo««ds are optional added components 
5 in «on-liqi«id forssuiationSf e,g, granuia^r detergents* 

Th® bleaching agent component tor use herein can be any 
ot tbs bleaching ag^ents useful for detergsrnt compos it: ions 
including oxygen bleaches as veil &b others known in the art. 

The foieaching ai^cnt- suitable for the- pre&snt invention 
10 can toe an activated or non-act iv.itc>d bieachina agent. 

One i-i4te;jory oi oxygen bleacr.ir^j agent that can 0€ used 

thereo* , .^^a■^ t joi-- ,,\arrio'» ot this clas?' a'^sont" 
rnagnesio' ororoxyx^hthalate hexanvcit ate , tne T«a<.n>s^ f-i .s.ilt 
:s of JSieta-chloro perbonj;oxc acid, 4-nonyiamxrsc«4~oxor ox^'x-^ .tyi'xo 
acvd and diperojfydodeoanedioic acid. Such blaach^nq ^g >nl.- are 
disc:iosea in 13S 4,483,781, XSS 740, 44^, 0 133 354 and US 
4,412,934. Highly preferred bleaching agents also include 6- 
nonyia?sino-'6-oxopero)iycaproic acid as aescriised in us 

Another category of bleaching agents that can be used 
encompasses the halogen, bleaching agents. Estaisples of 
hypahalite toieaching agents, for ssfasjple, include trichloro 
isocyanuric acia ancJ the sodium and potassiusj 

::r cioul srsisocyanurates and J?~chloro and H~bromo alkane 

suiphona,T?id«^? . Suo;h TDaterxaJ-s are noiTally ad-lrJ ,it C5,h los. 
veight th<: txni^v^K^d j'rreJuct, prefeiably „~5 4 bv w?->.qb.t , 

T^e hydros^en peroxide re:eas:ng d -jon^ oa^ bo u?5t„d an 
coantoinatxon \irith bleach activ.-^t;cx.i5 isv.^^^ <i ^-o^^a- 

30 acetyl et«ylenodi,amine (tkED) , ncn.«a>.5y .oxyrser /t^-ns-T^s;;) f oruto 
<HOBS, described in US 4,412,934), 3.>> tt ;x\>« > hyl- 
hesfsanolojcytoenaenesulfonate trsONOBS, described tn i. ><->-} 
or pentaacetylgltjcose {PAG), which are p?-rhyarul> ?ei rn (orir. a 
peracid as the active bleaching species, leading ti- i-mproved 

3S bleaching effect. In addition, very suitable are the bleach 
activators ca (6-octanamido-caproyi) oxybenssene-sulf onate, C9(6" 
nonanamido caproyl) oxybenaeneaulfonate and CIO (6-decanaaiido 
caproyl) OKyfoenzenesulfonate or mixtursj^ thereof, Also suitable 



activators are acylated citrate essrars such as die^ciossd in 
Europeasn Patent Application Ho, 91870207,7. 

Us;et:ul bleaching agents, including p«roxyacids and 
fc. I caching systems comprising feleach activators and peroscygen 
5 ble^aching compounds for «se in ci^anirig coispositioj>s accordinig 
to the invention are described in application USSH OS/ 136, 626, 
1?he hyarofen pesfOKide ma:^ also be pr^s«nt fey adding an 
enzymatic systems (i.e. an ensyme and a substrate therefore) 
%?hich is capable of ^©neration of hy<3rog^n peroxide at the 
io beginning or awring the washing and/or rlnsxnq proc,-.5s. such 
enaysaatic systems are disclosed in European Pat-ent Application 
EP 0 537 3m i 

Bleaching agents other than oxygen bleaching agents are 
also known in the art and can be utiiUed herein. On- t:ype of 

IS non-oxygein bleaching agent ot particular inter«sst xnciudes 
photoactivated bleaching aq^^r^t^ yuch ar> the sulfonated zinc 
and/or iunr. n i phthalocyanines. Thstse rsaterials can toe 
deposited ^apor. the substrate during th« washing process, Upon 
irradiation with light, in the prfesencs of ©Kygert, such as by 

ao hanging cloth&s out to dry irs tbs dayUght, the sulfonated sine 
phthalocyanine is activated and, consequently, the substrate is 
bleached. Preferred zinc phthaiocyanins and a photoactivated 
bleaching process are described in 13S 4,033,7X8. Typically, 
detergent oojsposition w^ill contain about 0,025>% to about 1.25%, 

25 by weight, of sulfonated 5sinc phthaXocyanine. 

Bleaching agersts saay also cosnprise a manganese 
cataiy&t. The sa&Jiganese catalyst isay. s^'<?-. ^'^ 
compounds described in "Efficient manganese catalysts for low-- 
tessperature folsaohing**. Nature 36$, 1994, pp. 637-639. 

30 

Another optional ingredient is a &«gs suppressor, 
ex«?;>^>pl if ied by silicones, and silica-silicone sr^istures. 
Silicones can generally be represented by alkylated 
M polysiioKane mterials, while silica is nonsaliy used in finely 
divided forsiis exe^splif led by silica aerogels and xerogsls and 
hydrophobic silicas of various types. Theses isaterials can be 
incorporated as particulates, in which the suds suppressor is 
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advant.<*g«ously r*?: leasabi v incorporated i?l a w&ter-soiufole or 

isapersseafole carrier. AXtsrrsativeiy the sud» suppressor can foe 
dissoivea or dispersed In a iicfaia carrier and applied toy 

5 spraying on to one or Bore of the other cossponente. 

A preferred silicone suds controlling agent is 
disclosed in XJS 3,933,672, Other particularly useful suds 
suppressors are the self ^^ssulsifying silicone suds suppressors, 
descriloed in Gerrsan Patent Applicat:ion DTOS 3,646,126, An 

10 example ot such a coBJponnd is DC~544, co.«rcially avallafola 
fornj Sow corning, which is a siloscane-qlycol copolyyftsr. 
Especially preferre.:; s^.v-h:, controlling aqent. ar«n tna suds 
suppressor system co-nprising a nixture of si.! icons; oils and 2- 
alkyl-alkanois. suitable 2-alKy l-aiKancl- --butyl-octanol 

15 vhich are cos-saercially available under the r.rade name Isofol 12 

such suds suppressor systsja are described in European 
Patent iippiissaition EP 0 Sm S4i* 

Especially preferred silicone suds controlling agents 
20 are described in Enro^^un Patent Application no. 92201649. 
said cojsspositions oan comprise a silicone/ silica Tsixtur© in 
cojsbination with fumed nonporous silica such as AerosilR, 
Th^ suds suppressors described above are normally 
essployed at levels of from 0.0D3t% to 2% by weight of th« 
25 composition, preferably from 0.01% to 1% fey weight. 

Other cosjponents used in detergent compositions may be 
employ^^d such as soil- suspending agents,, soil -releasing agents, 
3C> Optical brighteners, abrasives, bactericides, tas^nish 
inhibit.oris, coloring agents, an^/or encapsulated or 
nonencapsuiat,od pert umos < 

Especially suitable encapsulating materials are vrater 
soluble capsules which consist of a matrix of polysacciiaride 
as ana polyhydroxy compounds such as described in GB i,464,«16. 

other suitable water soluble encapsulating ssateriais 
comprisa aesstrins derived fro5& ungelatinixed starch acid osters 
of substituted dicarboxylic acids such as described in US 



;yo>^ >^ucn st arenas as wav^' s .<j-^, w^xy lAonqhi^sn, vas^j ^ ' -ij i<>ca 
and potato. Su3.t«bl« &xa. o. ~ said encap«uiati<jn s^^tc-rials 
include H~Lok ssanufactured isy Kationai Starch. Th^ H~Lok 
•s encapsiilatij^g ssateriaX consists of a isoai ti^d sjaise sitarch and 
gJucose. Th^ starch is S80difie<l by addinsg laonof unct^ionai 
substituted group® such as octeityl succinic acid anhydride, 

Antiredeposition and soil suspension agents suitable 
herein include cellulose derivatives such as isetJiyioellulose" . 
io carboxyxsethylcfallulose and hydrojcyethyicelluiose^ and hosso- or 
cc~poIym«riw polycarboxyiic aci.d;u^ or thexr r.slc*-, Polyss^rs of 
th^s type ar^rl^<^ t^^' po^yao? =5ts>s a^jd milcic 'rnhvarxde"* 

v?el^ ai5 copol viif^r^; rf ^aleu" as-^hyJrido witr *^tr'>^ere 

15 ss«ths^lvir>/] i:-thJ:,>' ox ^^cthacxy J \t aoii, the xf^^^e -iuh\dx^'.< 
const U ^<-xn« .it lea^t j^solt eni oi ..he c^v,v ^ se 

Tsaterialv» ak rarxaull^ used at ^evels. of gron 0,->% to lOV h*y 
weight, ^^505:0 pxf^ferafoly t^rn 0.75% to 8%, jsiost preferably trom 
1% t© S% by weight of the coaspositio?). 

20 Pr^farred optical brii^htensrs ar® aiiion5.c in character, 

exataplsss which are disodius» 4,4*"{»is~(2~diethanolaiRino-4'« 
anilino ~s~ tria^in~6-ylaBino)stilbene«-2i2 « disulphonate 
disodiuja 4, - 4'-bxs-C2-j8orpholino-4"aniiino"S~tria2;in-'6-~ 
ylars^ no-sstUbene-St 2' - disuiphonat«, <liso<iium 4,4* ~ bis- (2,4- 

2^ di*5niiino~s~triv3i:iin~6~yia^ino)stiibene~'aj^ » -< dxsulphonatcs, 
jsonosodiwrn 4»,4'f - bAs~C?, 4~dia«xiino-s~tri~acin~6 
ylajaino)st ii^«!n«!"~2"'SUlphonats: , djrtodiuis 4,4* -taxs-C^'-d-^.i .no~A" 
CN~ii5**thyi-j^~ ^"hydsroxyethyiajsxno) -S'-tr^.aztn-C'v-yla^^ .ncs) r t „ vbene-~ 
2 * - disu Ipnonat©.; ai-s^odiuis 4 ,4* ~bxB- (<j~pneny.!,-,.? , j. 

3C vx .AZ'-^^-Z-'v 1. i -Btiitenu-Z ,2 di&ulphcnvjt r x3i~'^-0'-d.u'5! 4 , * bi > 2- 
an 1 1 5 r.o 4 » ( -s-i^^-tavl - -hyaroxyethyl f^'" mo) -s-tt ^ ^,jir i~ 

no) Bt X 1 bene-a , 2 ' d isuiphor?ate , sodium 2 { s t iiby 1 -4 * ' - ( napnrr.o- 
I ' , 2 * i 4 , 5 ) 1 , 2 , 2 ~ triazois-^a ' ' -suXphonata a«d 4^4* "bis ( 2 ~ 
Iphostyry i ) bipheny I « 

35 Other useful polymeric Materials are the polyethylene 

glycols, particularly those of mol«!cuiar ^fei^ht lOOO-xoooo, 
iscre particularly 2000 to 8000 and noBt preferably about 4000. 
These are usssd at levels of .tross 0.20% to S% more preferably 
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from 0.25% tio 2.51 by Krh'j . Tr.ese poly^^ers and the previously 
n^entioined hoiv^o- or co-po.: ynsr Ic poly-carboxy late salts ^re 
valuable for improvirK? wh.icsn<Mss jsaintenancs, fabric a^h 
depositJon. and cleaning perforsiance on clay, proteinaceous and 
os£idi3abl«i soils in tiie prese^nc® of transition «setai 
i»5p«riti«B* 

Soil reXsas© agents useful in cojspositlons o£ th« 
presetit invention are ccinventionaily copolyis^rs or terpolymers 
of terephthalic acid with «rthylene glycol and/or propylene 
glycol units in various arrangewents . EKajspX«s such poiysserfj 
ar« disclosed in BS 4,ai6,8SS and 4,711,730 <ind £P 0 272 033, A 
particular preferrea poiysa^ in acocrdance with 0 272 033 
hss th^ f ormtsla: 

( CH 3 { PEG 54;?) 0 . 7 5 ( POH) {> , 2 5 [ T~PO) a Sit"- 
VEG ) 0 , 4 ] T ( POK) 0.251 (PEG) 4 3CH3 ) 0 , 75 

%v-hsre PEG is »<OC2H4)0~, PO is (0C3HS0J and T is 
^pOOC6H4CO> . 

Also v<?ry useful are jaodifisa polyesters as ran<iojsj 
coroiV'^^«J:5> dimethyl terephthalate, dxjsathyl 
sul5o.isophthalat». ethylene glycol aiui x.a-propauediol, the end 
groups consisting primarily of sulphob^ngoat® and secondarily 
of mono asters of ethylene glycol and/or 1, 3~propan-sdioX- The 
targe^t is to obtain a polysaer capped at tooth <and by 
suiptoobsnsoata groups, «pri3sarily« , in the present context saost 
of copolymers bfersin will toe endcapped by sulphobensoate 

groui^Ss Bow«viar* so!s« oopolyj»srs will be less than fully 
capped, and therefore their end groups isay consist of ^sanoest^r 
o£ ethylens glycol und/or 1 ,2-prop<ine^ioi, thereol consist 
^secondarily*' ot such species. 

The sel^ictBd polyesters herein contain about 46% by 
weight of di-s-^ethyl taraphthaiic acid, aboxst 16% by weisght of 
i;2~propanedioi, about 10% by weight ssthylene glycol, about 13% 
by weight oS dimethyl &ul f c-benxoic acid and about 15% by weight 
cf jsulfoisophthalic acid, .ihU have a rsolecular weight of about 
3,000. The poXye&ters and their method of preparation are 
described in detail in 311 342. 
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Fabric softening agents csn also foe incorporat&d into 
Xauxvdry deterg^^nt cosipositions in accordance with the present 
Invention, Ti\^se agents ssay be inorganic or organic in type, 
inorggsnic softening agents ^re esssmplif isid by the stnactite 
B clays disclosed in GB-A-i 4008^0 and in m 0,19, 292, Organic 
fabric softening agents incltsd^ the water irssoiuble tertiary 
ataines as disclosed in m-Al S14 2?$ and EF 0 01,1 340 and their 
coKibination with mono quaternary aimcfni^si salts are 

disclosed in EP-8-0 026 528 and di-long-chain a3si<ies as 
10 disclosed in EP 0 242 ms^ Other useful organic ingredients of 
fabric softening systet&s include high molecular veight 
polyethylene oxide isat^rissls as disclosaa in £P 0 57S and 0 

313 146, 

Levels of STRSCtite clay are ncrn^ally > r, "he liinge frosi 
15 5% to 15%, rs-ore preterafcly fro?t< a% to 12% by Vveight., with the 
^sateriai being added as a dry mixed ccmponerst to r..h<:? remainder 
of the formlatioi^v Organic fabric softening agents such as the 
water- insoluble tertiary amines or diiong chain asside jsiaterials 
ar® incorporated at levels of from 03% to S% by weight, 
so normal ly from 1% to 3% by weight whilst th« high ^oiacuiar 
weight polyethylene oxide materials and the water soluble 
cationic materials are added at levels of from 0,1% to 2%, 
nomally fron 0.15% to by weight- These staterials are 

normally added to the spray dri«d portion of the corapositioji, 
2S although in so^e instances it laay tee ssore oojsvenient^ x.o add 
the3« as a dry ssissed particulate, or spray them as molten liquid 
on to othsr solid cossponents of the composition. 

^0 fhe detergent coitsposit. Ions according to the px-esent 

invention snay also coi»pri;se fx-035 0*003?= to 10%, preferably from 
0.01% Z.O more preferably form O.o;j% to l% by weight of 

polysseric dye- transfer inhibiting agents, said poiyjReric dye- 
transfer inhibiting agents are normally incorporated into 

3S detergent oosapositions in order to inhibit the transfer of dyes 
from colored fabrics onto faferios washesd therewith* These 
polymers have the ability of compleiiing or adsorfoing the 
fugitive dyes washed out of dyed fabrics before the dyes have 
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ttie oppor-tunity to Isecorae attached to other artici€!S in the 
wash, 

Esjpecialiy suitable polyiasric dye~traasier inhibiting 
ag®nt«! are poXyasiine K-oxide poiyster^, copolymers a£ H-vinyl- 
s pyrroiidone and K-virsylisaiaaaoie, poiyvinylpyrrolidone 
polyjsers, poXyvi?^yioxaK~oii<3o««is polyvinyl issidaaoles or 

Aadition of such £>olymers also enfea«o©« the performance 
of the ensym^^s according the invention, 

ID The detergejjt cojssposition according to the invention 

can be; in liquid, paste., gels^ bars or ax'anular ^orsss, 

Nors-dusting granalat.es xs.^(y be produced, «s,g,, as 
disclosed in US 4,106,991 and 4;66U45»2 iboth t.o Novo Xndustri 
A/S) and ssay opt.ionaily be coated by methods Known in the art, 

IS Examples of waxy coating siateriais are poiy (ethylene OKide) 
proi^ucts (polyethylenei^lycol, PEG) with isean isolecular weights 
ot 1000 to 20000; ethoscylati&d nonylphenolB having trortt IB to SO 
ethylene osside units i ethoxylated fatty alcohols in which the 
aXoohoi contains Croia 12 to 20 carfoon atoaa and in which there 

20 are IS to 80 ethylene ojcide units,* fatty alcohols; fatty acids; 
and mono- and di- and triglycerides of fatty acids. ExaKpies of 
fiijss- forming coating laateriais suitahXe for application by 
fXuid bed teohniqiies are giv«n in as i483§9l. 

Granular oosjjpositions according to the present 

2S invention can also be in "compact fors-;", x.b. they w.&y have a 
relatively higher density than conventional arstnislar 
detergents, i.e. ior)r> 5S0 to 950 g/i; in s«ch case, the 
granuisr deterc^ent conposit ionjj accord.1ng to the present 
Invention viii cor.t<\.sn ;.ow€i asr;Quru of "Inorganic £ille£ 

.30 sa'it", cosipared tc co.ov« n*- .lonai granular detergents; r-ypical 
filler saits sre al'r^allne earth ssatai salts of sulphates and 
chlorides, typically sodiuj« sulphate; ^Compact** detergent 
typically cojnprise not ?sore than 10% filler salt. The liquid 
cosspositions according to the preeent invention can also be in 

3S "concentrated forsj*, in such case, the liquid detergent 

compositions according to the present invention will contain a 
lower amount of water, cotsspared to conventional liquid 
detergents. Typically, the water content of the concentrated 
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liquid d&tsarcsent:: is lass than 30%, more preterably less than 
201, triost pretfsrably than 10% by w<sight ot the detergent 

compos it ioKSv 

Tiie compositions of the invention isay for «iita^ple, be 
B formulated as hand and machine laundry detergent cojsjpositions 
iBcludirsg laundry additive coispositions and cosspositlons 
sxjitable for «se in th« pretreatm«^nt of stained fabrics^ rinss 
added fabric softsnssr com|*ostitlons, and fcosspositions for us© in 
general hau^r^ehoid hard surface; defining operations ajsd 

io dishmshing operations. 

The, iiollowijig examples are jneant to exemplify 
COTxposit iorss tor the present ir-ventiors, bat are not necessarliy 
jseant to li:K!it or other»!ise deS.sne the ;scop« of the invention. 
In the detergent compositions, the abbre>viated 

i$ component idet^tif ications have the fcllov^ing saeaningsj 
J^S; Sodium linecsr C12 alkyl benzene ^ulphonate 

Sodium tallow aikyl sulphate 
mJkSt Sodiuja CIX ~ Ci¥ alky I s^slfate 

SS J Secondax^y eoap stsrf aotent of formula 2 "laaty 1 

20 oatiaaoio acid 

25E¥j a ciz - CIS pr«daminantly linear primary alcohol 

condensed with an average of V moles of ethylene o^ide 
45EV: A CX4 - CIS predominantly lin-esar primry alcohol 

condensed with an average of Y saoles of ethylenes oxide 

as XYEZBi CiK " Ciy sodium alkyl sulfate condensed with an 

average of 'I moless of ethylene oxide per: ^ole 
Nonionict C13 - CIS mixed ethoxylated/propoxy lated fatty 
alcohol wltji an average degree o3: ethoxyiation of 3,S and an 
average degree of propoxylatlon of 4.S sold under ths tradename 
Plural ax LF4 04 by BASF Giahh 

CFi^A; ciz - C14 alkyl M-ssethyl qlucasaide 

TFA?iJ €16 - CI 8 aikyl H--38ethyi glueasslde 

Silicate: Amorphous Sodium Silicate CBi02jMa20 ratio 2.0) 
MaSKS-6i Crystalline layered silicate of formula d~Ha2Si205 
3S Carbonate: Anhydrous sodium carbonate 
Phosphate: Sodium tripolyphosphate 

MA/AAj Copolymar of 1:4 maleic/acrylic acid, average 

moleciilar weight about 80, 000 
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Po 3.y aery late t Folyaorylate ho58opolym«r with an average 
Siolscular weight of e,0»0 «oXa undw the trad^nssse FA30 by BASF 

mm 

2.eolite A; Hydrated Sodiuts Aluminosilicate of forsaula 
s Nal2(AlD2Sioa)12. 27H20 having a primary particl® Biz& in the 
ran^e frosi 1 to JO asictom^t^rs 
Citratet Tri-soaivsss citrate dihydrate 
Citric? Citric Acid 

Perborate J Anhydroxss sodium perborate sssonohydrate bieacligf 
AO efap.Lrical U->r)^.ula NaB02,H202 

PB4t Anhydrous sodixj?n perborate tetrahydrate 

Per carbonate; Anhydrous sodiuw p«rcarbonate bleach of 

esspiricai fors$uia a?5«2C03 . 

TAED; Tetraacetyi ethylerse diatsine 

IS met Sodixjisi carfooxyjfsethyl cellulose 

DBT£»H?t Di«thyXehe triaisin^s penta {methylene phospfeonic 

acid) t marketed by Monsanto ursd«r the Tradenasie Degu«et 2060 

FVFj S^olyvinylpyrrolidojitfe poiy^^r 

EDDSj Ethyienediamin^-N, H'~disxjccinic acid, CS.S] isosaer 

20 in the form of the; sodium salt 

Suds suppressor; 25% paraffin wax Mpt SO»e, 17% hydrophobic 
silica, 58% paraffin oil 

Granular Suds suppressors 12% Silicone/silica, ia% et^aryl 
alcohol, 70% stax^ch in grariuiar fon?s 
as Sulphatet tohydrous sodiuir- sulphate 

B^WPEOt High siol^ctjiar weight polyethylene oxide 
TAE 25i Talloti^ aicobol etJioaeyiate (aS) 



30 A granular fabric clejinAng corsposixion in accordahc<s **?ith 

the inv«!Ktion isay to« prBpmt&^ as follows i 

Soditim linear Ctl al5cyl 6.5 

berszsne «ul folate 

Soaium sulfate IS.O 
3S geolit® A • 26 « 6 

SodiusR «itrilotriacetate 5.0 

Enzym® of the invention oa 



TAED 

Soric acid 4^0 

Phenol sulphonats! D. X 

s Minors isp m tm 



A compact granular fabric cleaning coiapositio?^ (density 
BOO g/1) in accor<3 'with th« invention may be preg^ared as 



1:0 f ollows J 

4 ms 8,0: 

25E3S 2,0 

25E3 3.^ 
IS TFAA 

2«oiit« A 17.0 

12,0 

Citric a&id 3,0 

Ensyi8^ of tlife invention 0,X 

TWD s,o; 

Pssrcarfconate 22,0 

55 EDDS 0.3 

Granular suds suppressor 3:,S 

wat®r/«iinors I3p to 1Q0% 



Granular fabric cleaninq co??spositions in accordance with 
r..be inv«x^tion which «sre especially useful in the .laur3<ier.xng of 
coloured fabrics were prepared as followsj 



LAS 10,7 

'SfhA ~ 4,0 

45KS 3.1 10.0 

45E7 4.0 



25E3S 



Citric acid 

10 DETPMP 

EnzynxB of. the invention 
Silicate 

IS Poly (4~vijnylpyri<2iinie)«H'~ 
Oxide /copolyjser of vinyl« 
i^id&^&le and virjyi- 



32,1 



2»B 
0,5 



1,0 



8,0 

7.0 

10 

3,0 

25*0 

9,0 

r>,o 

0,8 
0-03 



Up to 100% 



^.^t^raent Example IV 

Granular fabric cleaning cosspositi. 
"he invention which provide *»Sof tenincf 
c^spability T>\ay be prepared as follows i 
4 5 AS ~ 
lAB ?,S 
1,3 

4SE? 4.<J. 

Coco-alky 1-aimethyl hydroxy- 1,4 

<sthyl amjsonitm chloride 

Citrate S.O 



4,0 
0,4 



5.0 

I, 0 

II, 0 
IS.O 
4,0 
0,4 



Perteorate 








P®rcarfoona.t.e 






15.0 








S,0 


Smectite clay 






10.0 


s HMWFSO 






0, 1 


Ensysa® of the 






0,05 


Silicate 






5,0 


Carbonate 






10. Q 


Granular suds 






4i0 


10 CMC 






0,1 


Water/Minors 






tes 100% 



H«5!avy duty liquid fabric cleaning corspcis ^ 1 5 ■ 
i.B accordance with tlse i»ventio« iMy fee prepared as 



LAS acid forsi <^ 

(Sitris? w,o 

25AB acia totm M 

20 a5&B2S acid forsv lyo 

Fatty acid g; 

25 Oleic acid 

Ethanol 4 » o 

Propan«;dis>l 2,0 

Enayxne of the invention 0, 10 

coco-^lkyl dimethyl ~ 

30 hydroxy ethyl aMonium 

Ssmctixm clay 

PVF 2.0 

l^ister / ^5inors Op to 100% 



3S 



XI 
2.Q 



1.0 

6,0 



0.05 
3,0 



In anotjsar emboais>ant, the present inventiort reflates to 
usa of thB eftdoglucansse of the invantion in ths bia~pollshing 



process. Bio-PoXishing is a specific treatssent of the yarn 
surface which issprovss fabric quality with respect to handle 
and appearance without loss of fabric wettability. The most 
iissportant effects of Bio-PoXishing cars fee character i zed by less 
5 fuaz and pilling, incmaBmd gioss/Xuster, ij»prov«sd fabric 
handle, incr^ase^ dxjrabie: softness a^^d altered water 
absorbency, Bio-Pciiishing u^ualXy tak^ss place in the wet 
procm&sing of the ssaniifacture of knitted and woven fabrics. Wet 
processing cossprises such steps as a.g. desiKing., scouring, 

if' bie^icriina, washinq, dyijKj/printlng and finishing. During each 
of thos{5 steps, the fabric is rsore or less subje.cted to 
■necjianicai action, 3n general, after the textiles have been 
knitted or wovc-a, the fabric proceeds to a de.sizirsg stage, 
followed by a scour i a-s stage, etc, Desis-ing is the act of 

.15 reiaoving sise fros-s textiles v Prior to weaving on jnechanicai 
Xooas, warp yarns are eften coated with siae starch or starch 
a«rivatives in order to increase their tonsils strength. After 
weaving, the sisse coating jsust be removed before further 
processing the fabric in ora®r to ens^jre a hossogeneous and 

20 wash-proof result. It is known that in order to achieve the 
effects of Bio~Folishing, a cojabxhation of ceilulytic atjd 
mechanical action is rsgiiiret^. It i& also known that «super~ 
softness*' is achievable wbers the treatssent with a ceilula&e is 
cotsbined with a conventional treaits?ent with softening agents, 

£5 It is contetsplated that uys:: of the e^ndogiucanas^e of the 

invention for foio-^polishing of celluXoslc fabrics is advan- 
tageous, e,g, a more thorough polishing can be iich>.eveU, Bic- 
polishing »ay be obtained by applying the isethod described e.g. 
in WO m/m27^, 

m 

It is Ifcnown to provide a '^stone-washea'* Xook (localiaed 
abrasion of the colour) in dyed fabric, especially in deniai 
fabric or jeane, either by washing the denis* or jeans isade fross 
35 Budh falsric In the presence cl pumice stones to provide the 
desired localised lightening of the colour of the fabric or by 
treating the fabric engyBaticaiXy, in particular with 
cellulytic ensyssies- The treatasent with an endoglucanase of the 
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present invs>ntion may be cam!;J o->r aether aionc- Kucn .u- dxs~ 
close<.1 US 4,S-\1,864, t<>g*>r nc-r wjt-h a 3r<il;sir laount, of 
pujuice than required in the traditiona.) p>:ocesa, or t-oqetner 
with psrlit« such as disclosed in m 95/0922S. 

& 

mip Sim mpm hppltimtt&mm 

In the papermakin^ pulp indxjstry, the sndogiucanase of 
the present invention jsay toe applied advajit&ijeousiy e.g. 

3^0 - For debarking; pretreatiaerst with the endoglucanase 

i»ay aegrad© ths cajstoiusi layer prior to debarking in sjecshanical 
drums resulting in advantageous energy savings, 

- For defibratloni trfisati^ont of a isaterial containing 
OB'U.vxloBio fibers with the en<kKj1xicanassa prior to refining or 

15 bear, in.:i r<5v result it. reduction of the e^s^rgy ■-onv.Ki-ptia^ due 
to th% hydrolysing effect ot th- c<.=-Xluiase on th< u-st j->'5 a>re 
istxrfaces* Use of the endoqluc^n-^spe ssay result in improved 
energy savings as co!?ipars--d to the use of known enzymes f sjince 
it is believed that the enzyruB composition of the invention ^ay 

20 possess a higher a&iilty to penetrate fifere walls* 

- For fibre jsodificationf i.e, imprcvetaerst of fibre 
properties where partial hydrolysis across the fibre Vfall ie 
needed which requires deeper penetrating en^ytses {e«<|> in 
order to ^ake coarse fibers ssore flexible) , Deep treatiaent of 

as fibers has so far not been possible for high yield puips e«g. 
mechanical p«ips or taixturea of recycled pxslps. This haa been 
ascribed to the nat^xre of the fibre vali str«ctur-r that 
prevents the pussaqe of engysse sfiOiCscuie^ due to physical 
restriction rJ: the poie saoitrix of the fibre wall. It is 

30 contes«plcit«-i th.ni: the present endoglocanase is capable of pen- 
etrating into the fibre 'v?all* 

- ^ o.! -.^ ^"^p^ o\ or,ent. Ihe virainaoni.\y ot 
paps-rjnakiri<? pulpr ^ay he iSipiroved by treatment of th^; putp vith 
hydrolysing enzysses* e.g. celiulases. Uae ot the present 

3S endoglucar.ase ^ay be mere effective, e,g, result in a higher 
degree of loosening bundles of strongly hydrated s>icro-f ibrils 
in the fines fraction (consisting of fibre debris) that limits 
the rate of drainage by bloclclog hollow spaces between fibers 
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Qr5tt in the wire >s«:sh of th^ paper machine. Thm Canadian 

©fcajfidard treeness (CSF) increases and the Scljopper-Riegier 
drair.age Insls-ix decreases when pu.lp in sxjbjected to cellulate 
treatssent. , see. e.g. us patent 4 ,9?. 3 ^ 565; TAPFI T227, SCAN 

- For inter fibre, foonding. HydrolytJc ensysses are 
applied in th^ manufacture of paperssaking pulps, for irsp.rov,i,ng 
the inter fifore bonding. The ensy^ses rinse the .eibre surfaces 
for impxiritles s,g, callulosic d«bris, thus enhancing the area 

10 of exposed cellulose with attac^siaent ts? th.& fibre wall^ thiis 
isaproving th® f ihre-to-f ibre hydrogaii bindiiig capacity, Tbis 
process is alsso referred to as dehornif icaticn. Paper and board 
produced isfith a cellulate containing en^ysse preparation jsay 
have an improved strength or a reduced grasamage, a ss^oother 

as surface and an iasprov^fd printabilityx 

- For ensiyssatic deinking. Partial hydrolysis of 
recycled paper during cr upon pulping by us« of hydrclysing 
ensYsses such as ce.Uulas«!S are Known to facilitate the removal 
and agqlojTifi^ration of ink particles- Use of the present 

20 endoj lucanse suay give? a more effective .l.ooseninvg cf ink fross 
the surface structisre due to a better penetration of the ongyiae 
molecules into the fibrillar jsatrix of the fibre wail, thvss 
softening the surface thereby inK particles are effectively 
loosened. The aggloaseraticn of loosened ink particles are also 

2s improved, due to a siore efficient hydrolysis of celltslosic 
fi-agasents found attached to ink particles originating from the 
fibres. 

The treatment of lignocellulosic pulp jsay, e.g., toe 
performed as described in m 9X/X48I.9, MO §1/14^22, 92/17573 
30 and WO 92/lS«8Sx 

Degradation of fl^t Material 

In yet another o«u:;cdis!-;-jnt ; the present invention 
reidites to use of the endoglucanase and/or eniKysse p.reparation 
3s accord.i.nq to the invention for degradation of plaiit material 
e.gs cell vails. 

It, is contesiplat-ed that the /;ovel end oclucari^sse and/or 
en2;;i'7rie prepa.ration of the invention is useful in tJ^te pre- 
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paration of tsrine, fjruit or vegetable juice in ard^r fco i3ricr«!$tse 
yield. Endoglucanases according to the invent.ion nui.y also bsi 
applie.a "or enzyracitic hydjrolysis of various plant cell-wa.ll 
derived siateriais or v,'aKt<& materials, e.g. agricultural 
s residues such as wheat-straw, corn cobs, whole corn plants, nut 
s>h^^ilr>, grass, vegetabls? hul?i,s,, bean hulls, spent grains, sugar 
bee,t pulp, a^^d the like. The plant xsaterial ssay be degraded in 
order to iTnprove different kinds of processing, ^«cilitat<=; 
purification or extraction oJ; other components like 
.10 purification of beta-g'Iucan or beta-giucan oligos^ersii troa 
ce;reals, improve thsi feed value, decrease the water binding 
capacity, improve the <j€j:gradability in waste water platits, 
ijsprove the convssrsioti of «,g, and corn to ensilage,, stc, 

IS the invefttion is further iliustratsd in the following 

examples which are not intended to be in any way IxjBiting to 
the simpe of the invention as claiisedi 

m&TmmLs Km methods 

C«llulol^tio Jketiv^itiy 

20 The cellulase variants of the invention show is?proved 

performance, Sonife-^ of ths? varls^ntss ymy show l5?iproved perforiaance 
with respect t.o increased catalytic activity- 

In the contoxr. oi this inventlor^, cellulase activity 
can be expressed in S~CEVO. Ceiluiolytic enzyases hyarolyse CMC, 

25 thisreby i^icreasing the viscosity of the incubation mixture. The 
resulting reduction in viscosity isiay be deterjained toy a vibra- 
tion viscosimeter {B^q. MI¥I 3000 from Sofraser, France), 

Det erasing! tion of the celiiaioiytic activity, measured in 
terjas of S-CEVl?, stay be determined according to the following 

30 analysis ssethod C-assay) s The S~CK?U assay quantifies the amount 
of catalytic activity present in the sample by ae<jsuring the 
ability of the sample to reduce the viscosity of a solution of 
carboxy-jjiethy Icolluiose (CMC). The assay is carried out sit 
40"C; pH 7^6; o.iH phosphate bofSer; tir^^^e 30 min; using a rela- 

35 tivo ot^,xy?ne standard tor reducinq ths;: viscosity of the CMCicar- 
boxys>sthylceliulose Hercules ? LFD) substrate; s.n;syn)e concen- 
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tratioi^ approx. 0.15 S-CEVO/ssI, Th« arch sta«dar<S is defin«!<3. to 

.« Preparation of celluiase variants 

Based on the disclosed sequence ziliqnm&nt (Table and 
cojsputer jsiodelincj method, positior, v,'as identified as a 

pax'ticulax" poir»t o£ interest for ffi-aking cellulase variants. 
Position 119 (cojlulas© n«ssb<©ring) Is located vithirj 3 A froja 
10 th« s«bstrat.e. In position 119 thi& wiid-type Butsicola insole^B 
c^Iliiiase holds a histidifte residue (H) , whereas the wiid-type 
Tbi&2avia t&rrestris cellular© hoMst a glutassin© r«sidu«! (Q) . 

Xd this experiment^ histldine wa© substituted for 
glutaxEsine in the Thi^lavis t&rz-^stris oelluiase (ther^^by 
1$ obt^isiing tb^. c^sllulase variant Thi&l0tvi& terrestris/^llSH) < 
The variant obtairs«^d v«s tested for s|j»oific; activity. 

Ail Hasfiooia insol&ns variants are^ unless otherwise 
stated, coT>str«cte4 by application of the Chaiseleon^ Double- 
stranded, site~<Jirect®d Hwtagenesis kit, fross Stratagene, Ths 
2D following synthetic oiigo-nucleotide were use4 as selection 
primers 

S/M GJ^ATGACTTGGTTGxJ^CGCGTCACCACTCAC or 

H/ S OKATGkCTTGQTTGAGTAVTCACCAGTCAC . 

H/n replaces tbg; Scar sstft in the bc:ta~iactaKa5-.-e gene 
25j Of. the plasjsid with si Mlal site and H/S does the reverse. The 
later is used to introduce secondary xsutafcions in variants 
generated by the first selection prijser. 

For construction of TM^Xstvia t^rre&tis cellulase 
variants, the Thi&X&via t&rrestis EG V cellulase cDNA 
30 obtainable trcm the plasisia daposited as DSM 10811 was used. 
X>sn 10811 «as dsposltsd at tiis peutsche SajKinlung von 
Mikroorganisisen «ti4 2;elifeulttiren on 30 June 1935 according to 
the Budapest Treaty, The plasmia was digested with the 
restriction ©n^onucie^ses BamHI and HotI The 41S3 bp vector 
3S part and theiSli fop BaMll-Notr fragment were isolated. Equal 
portions o£ the I2il bp fragissnt were digested with 
respectively HgiAI Sind EcoRV and the 487 bp BassHI ~ HgiAI and 
690 bp EcoRV~ Motl fragments were isolated. 
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Th®se fragments and the vactor part were ligated i« the 
pref.ence of 5 foM molar excess of a syntbeitic DNA fr^gjss^nt, 
resultir^g from the annealift9 of two single stranded DNA 

oXigoBers; 

a B e 0 3 : ATeGAAQTGGTTAGATCCCAGGTCGCCGCCTGTGCTC 
Trxs? HqiJtion sxi^ture was r.rA.-.s Cernx^d Into £, coli 
strain XLl, and frojn thB result ir.g tranatcrnar.ts Thieiavia 
t@rr&str±sfqiim was isolated and verified by DNA ssequencinq. 

-^ii the ceXluiase variants ware produced by clonixK} rhe 
gene and transforming the gene into A«pert?iilu;; oryzas xsaincj a 
plasmld with the gerse iisserted between the fungal an^yia&e pro- 
motBv and the tersiinator from A. nig&ir, CChristensen, 
§?dXdike, H. Boei, E., Hortensen, B. , Hjorts8h<»j, K, , This*, L. 

15 ana Hansen, M.T. (198S) Biotechnology 6% I4I9-'1422|. 

Tha celiuia&es with a cellulose binding domain CBO were 
purified by exploiting their binding to Avicel, The cloned 
product was recovered after ferssentation by s^jsaration of the 
esftraceiliilar fliaid frois tlie production organise. Ths ceilulase 

20 was then highly pxjrifiea hy affinity chromatography using ISO 
grass of avMcsI in a slurry with 20 mM sodiussphosphate pH 7.5. 
The x.vicei slurry was; suxed with th': crude fermentation broxh 
which in total containsx ^?bout 1 grarr. of prot«=;in. After mixino 
at 4« C for 20 r^i;;, '-j'p bound ^my^B is packea into a 

2S> coXujsn with a dii-ionsion of 50 tisfesj 200 mta about 400 ml tnt--i] , 
The coiusan is washed %fith the 200 buffer,, then 
washed with 0*5 M HaCl in the sasae buffer until no mor<=: profc^-in 
elutes, and washed with S90 M buffer {20 m Tris pH S.'-i). Fi- 
nally the pure fuXi length en^syise is eluted with 1% Triethy- 

30 Imlne pB 11. The eiuted enzyme solxstion is adjusted to pH a 
and concentrated Uising a micon call unit with a ruesibrane mm 
GR6XPP (polypropyie^ne with a c«t off of 20 KO) to 5 protein 
per T».K The eng-ymes have ail been purified yielding a single 
teand on SDs-»p.i^GE, 

5S Celix;l3ses which natural iacic CBD or the linker has 

bean proteolytic oieavad or. in ss'bich the CBD has been r&n-soved 
by introducing a stop codon .irt«r t.h? catalytic doj-aain, can not 
be purified tising Avioei. The extraceilyiar proT,eine are recov- 



ered free tro)v. the production organisia, The cors celluia 
w<fere purified free of AspBrgiUuB proteins by cation 
chrojjjatography. I^^e f eraaefttat ion broth was adjusted to pH 3,5 
and filtered to re=n«v<s the precipitating proteins. Then\he. 
5 proteins -.^ere ultra filtr>=sted (concentrated and vashed with wa- 
ter) on a Lm^ GK8XPP :se:?^brane virh a cat of.f 6 KD until the 
conductivity of the eluate is bsXow looo mS/c». The sfrsspie was 
finally applied to a S~Sopharosa column equii ibr^^ted with a 20 

m m^^mB buffer p» 3 . § , 

io Th« mnzym^ will toina to the S~sepharose at this low pH 

and it is eluted as a single peak using a Naci gradient fro,, o 
to sao m. The ^i^toa puTB ensyjse was concentrated on a Axnicon 
celi with the SB8IPP m^tone. i^ll pijrified celXuiases gave 
a sirsgie mm in SDS-^»CJE:» 

15 The specific activity data ^re saj»atarig«d in thia foI«- 



En^yisa/ variant 


Specific activity 




. 


IHeiavIS^fcirreisrtris' 


35 — 1 


^•i3i«lsvia tsfj-restris /Q1.1.9H 





From this eaeperiment it is seen that by introducing the 
?tiUtation into the Thiel^via t^rrBstris celiuiase, tl^e 

specific activity if the resulting celluiase variants was 
irtcreased to the level of that of the homologous Mu^icoX& 



25 EXIs^J^JiS 2 

ThiBUvi^ t^rreBtri^ varis^jit with ij^prova^ ^ikaliBs perfo«a™ 

Xn this esiperijsent the Thielavia t&rr^stris/Qii^D was 
3 described in example i but using th«s following 
construction: For easy cassette ewap and standard primer xstili- 
s-ation, the CT3 encoding Dm was furnished with a C-terminai 
3CbaX site and subcloned into the pCaHj4X8 vector as described 
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^elow. PCtl was ussa as tessplsite In a Pwo polymerase PCR, 94 
C2* C,30« - 72 C, 1 » ) ™25x { 94 C,3(3« - SE> C, 30« - 72, C 1*} 

-12 C,S» applying the two primers 

S 25335: GCGCTCTAGAGGi^TTMAGGCACTGC 

The resulting 718 bp PCR. prodvict was digested vith Sail 
and Xbal and the 165 bp fra<;rment vas. isolated. This tragBierst 
was ligatfSid t-ogsther with th« B33 bp BamHl-Sall fragment from 
pCTl-a into the 4.1 kta Xbal ■I'.a^^nn v&ctor fragxaent of pCaHj418. 
10 From this ligation pCI14i8 warrs isol^ated frota E,coli 

traBSf ormants « 

FCT2 vas> constructed by the Chast5«leon^^ Double- 
stranded, s.i te- direct: ed Mutagenesis >:it (frosB Strat.agene) as 
described above with pCTl4iB as template, the S/M pri»e.r as 
IS lection prisser and the lallowing siutagenic priaier; 
10933 0 ; CGACCTGGOATCGA&CGACTTCGATATCGCCATSC 

K succssfuliy !Hj«t&ted pla^jsid pCT2 was isolatssd, veri- 
fied by Dm s^«encin9 and transforasisd into asp«»rgi..Ilas oryismm 
strain Cfal^as* 

20 The Thi&lavi& t^rrmtrxB cellula&e ana the TixiBlmst t&r- 

r&stris^Q119ti variant was testad for activity towards PkBC ms 

descrifoea in example 9 at pH 7,0 and pB 10. 0. 

The results are presented in the table below vs'hich shows 

the activity at pUlO cojopared to the activity est pH "?„ This 
2S dessonstrates thijt the Thi&lavi& t^rr^strisi/QllSB variant has 

relatively iKore alkaline activity as cosspared to the parent 





Relative activity 
pH 10 /pH 7 

m 




27 




m 



30 exam:ple 3 

C€fis«tiructio» of « cellulase hybrid vs^ri&nt 



The plasmid pCT3 embodies mA encoding the Thi^Ur-'ia 
tmrr&Btris ^lidoglucdna.'-so core en^ywj «5nd fol loved by tn«- ^ tnkei 
CBD of Mumicola grisea. 

pCTH v>.s{-' constructed by ss«?;an& of ^^wkj^sJo ovcrlaf- '-y- 
S tension rCR, Api.>i>i x^v;^ r5<>0 poly.wxase. 

yroTfs. a c^orsc ot s^y^aoold ^/rs^ea a US bp liag^fient 

was geTjeraued by th<? follawxn,^ pr^jsrrsj 

iO<* 4 S ^ J CGACTCCA^CTTCCCCG'XC'XTCACGCCCCC 

JO Frc<:fi ^disclosed in sxattsple 2) a 876 bp PCl^ 

tragm«nt was gfenerate-a by the follov^ing j^rijam-sj 

107823 J GGSGGCaTG^GACGSG&AGd'OaAGf CG 

For both r«!actiors& the foilov?ing set up was useas 9« 

61__C, SO"- 72 j:, 1') - 72_C, 

Thfe isolated PCR fragmsiits were spplxed as tovspiate in 
an asseisteiy PCR reaction vith priiaers iOis>ri .^^-ii 10782 
94„C,1' - 5X( 94 C, 30" ~ 70 C, P ~ "^5 ~ ^05. (94 __C, 

20 3&» - 61 ^, 30" - /2 ~ ^C, The res^alt.ix? 

ptoduct was isolated ^ ut by ressts i<- 1 » o-s cnzyases 
Ha^'"! <ba: thr resulting 1172 J<x-> or.'A fraqrer.l was iso- 

lated am iig.=5ri\i IT to 4-\ ^'b •"-ertor t x o.q'wex ^ ol SasiH3 - 

Xbal dxqested pC><l Ma 

3S Correct clonics \^ere i,s0iutvd and verified by DKA se- 

sjusinciJEvg of pXas^ids i^oIat«^<3 from E, coli KLl transf ormants 
resaitiJif afeov® ligation r^aotioiS:. 

cBH?^ sequence of Mismicols gMs^m 

CTCCTOTTTCCGCACGSCCCTGGCGGCTGCGCTCCCCCTTGCC<3CACTCGCC^^ 
aki^CTCGACCAGATJ^CTGGGACTCCa?GCAACCCATCOTGCTCTTCGrcrc; -Aj^.A-J - .>%Cl r 
GTGAACC4GCCTGTCTTCACT'rGCGACGCCAAATTCCArcr<V. I >- A0(N. A<.'^x:„ A^v'l ACC?^ 
AGTCGGCrraCGATGGCGGCTC<3GCCTTTTCGTGTGCK--ACCA,CACCC'C:'-^aG:3CTCIGAA 
a!> CGACGA TG reGCCTATGncrrc<5C'rCCCACGGCTATTTCr<"C'ri.-s.; 1 CG "A'v.^C'J T C . I'uG 

TGCTGCGCATucTAcc^cTrrrArTiTCArcTcr.GGccorGiGcrccor»^A<"AcrA'\K;r^ 

TCCJIGTCGACOAAC AGrGCOwGi- G AT 11 o Cl^ C " -v* 0 . I v'OAOvJ l-JO<\G Al r»„ CACG 
CGeCGGTGTCGGCATCTTTGATGGGTGCACeceCCAGTTCGGAGGTCTOGCTGGGGAACaC 
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T^C<5<3TGGCATCTCA<3^^CeGakGCTCCTa€6^CTCGTCCCCTGC<5aC(3CTCIUkGCCC«GCT 
GCCTCTGGCGCTTCGATTGC'rrCAAGIiACGCCSSACMCCCaACCTTTACCTTCI^GCAGGT 
GCAGT(SCCCCaCCGAGCTT?STOCCAG<SACCC^GCTOCSkAGCGCGAGGATSACGGCi«SACTrc 
CCCGTCTTC2lCr,CCCCCCGCGGGTAGCAACACCaGCaGa?A<SCCAGTCG?lGCTCCACTATCG 
1; C'rTCCACCTCGAC01x:c;i.:^GC-CrcACACTTCCGCCGCCAGC'rCCACCTCCAAGGCTGTCGT 
GACTCCCGI'CTCCAGCTCCACX'^TCGAAGGCCGCTGAGCTCCCCiy^ATCCJ^GC'rCGACC'PCC 
AAGGCTGCCGAuGrC.?vC4^AAC;CCCAGCTCAACTTCGACCKXlACCTCGACCTCCACCAAGG 
TCAGCTGCTCTGGaACC\';GTGGClXX"rGCGTCaCTCAGMGTGCCCGCA^^ruCGCCGGCM 
1^GCTTCACCGGCTGeAeGTGGTGCGTCAC^Gv^\A.X^\rCTGCCAGAAGCAAAAlG?\(-'TaG 
1 0 tACTCCCAGTGCCTCTAAGTCGT'rrGTAGTAGCAGTT rGAAGCATGTCAGCGArGAGGGAG 
GGAGGAGTGCGGGAAAAGTACCCCGCAGTn^rrTGGTAaACTTACTGTATTG*rmAGTAAT 

The plasmia pPsF4S ^isbodies DHA encoding the Psendo- 
tsonas cBUolyti€^a ^ndogixicwase core ensym hea<ie<3 by the 
in^oi«ris EGV sndogltscanase signal pepti<le ancj follov^ed by the 
linker CBO of sasss ©naysae, 
30 avo variants of this hybrid enaysse were constructed by 

laeanr of rbx- above -ssentioned Stratagene ChasaeXeon<l> kitj 
Psf4^-Pi^•^s ona r?.'4^/oil$H (ceXluiasfe numbering) by applica- 
tion ot the. loiiowinq ssutageftlc prist^rs 

25 P»F4S/Ha5S; GCTGCAAGCCO'fCGTGTGGCTGGAGCGCTAACGTGCCCGCG 
PSF4 S /Qtl »H : CGATGmCCGGAGGCCACTTTG^^CATTCTGGTOCC 



30 Dev3.ations frosi tsjsplate sequence are indicated in b»I4 tfp«s. 

The selection primer was cojtvertii^g the urake seal ^ite 
in th« lactassase ge«e of the plasmid to a Klui f^itec 

GAATGACTTGG!FrGAO«CGTCACCAGTCAC 
The tMO variants were verifie<5 fey mh sequencing and one cot'~ 
rect version of each variant was identified. 

The two piasBiids ejnharboring the variant sequences 
pl*sF45HiSS and pPsF4SQti9H were sssed to transform A. aryznm 
strain JaLl42 together with the AMDS selection plasjsid pToC202. 



From the resulting trans lorssants LaC2aa9 and LaC 2830 were iso - 
iatea Sitter 3 reisolation steps via spores, 

mmmM s 

Disuifid® bridges are )aiOwn to st&bilia^t prot«sln str«c» 
t«rea. The removal of disulfide bridges in a celiulase will 
destabilla«ss the enzyme (thermostability) while jretaining sig- 
nificant activity, ^hls can be useful in applicatiofss wher«i a 

10 fast iTsactivation of the enjKjyitse is preferred, e.g. in deniss or 
tesftile applications or for low temperature processes. 

Iti this «xa»pie Unmicola irmolenn EOV ceMulase and 
five variants of iiumScola insolBXis ceX.lulai-"e w'er© constructea 
isutating either one or both residues involved in a disulfide 

15 bridge. The specific activity was jseasured as disc Losea under 
S4ateriaXa and Methods. The meltincg tes>perature of the enzymes 
vere isjeasurstd using Differential Scajming Caijmetry^ DSC 
was done at neutral pH (7.0) using a MicroCalc lac. I^C calo- 
rimeter vith a constant s?can rate and raising the teHperature 

20 frots 20^'? to SO^C at a rate of 90^C' per hour- 

The roKuits are presented in the tsble belov which 
shows that removal of a disulfide bridge leads to a variant 
with a significantly lower iselting fc^tapsrature but retaining 
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Htmlcol^ in&ol^nsmm, C86G 


103 





Ilt4tati®» 0t c««s«rv«S i« t&a J»i»<li»g «i«ft <si from 

When cosjpsrijsg the positions within a di^tajjce of 
B Iron the substrate to the sequence alignmer^t in Tahl^ I the 
type of assino acid rasidue at these positions are conserved in 
the aligned celiulases for the following positions; 6, 7, S, 9, 
10, 1.1, 12, 18,, 45, 112, 114, 121, .127, 12B , 13D, 132, 14?,, 
148, 149, coT^^ervea residues are normally thought to be ex- 
10 treisely important tot the activity, but the Inventors have 
found that a certain variability is allowed while Kiaintair.mg 
significant activity. Orsly tb« two residues DIO and D121 
(cellular® nusiberifjg) ar« nessesary to siaintsln reasonafeXe 
tivity. 

Variants of th^ Humiaola insol^ns mv cellulasa were 
prepared and the specific activity was isaasurea as disclosed in 
Materials and Methods. 

Th« type of nsutations and the variants specific activ- 
ity are suai3S5ariK;ed in the following table.' 
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Humi CO 1 a i ,nsoi ens / T 6 S 
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Mimicola inso2ens/R7X 
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JiussI cola i nsoi en s / E7 W 
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Mumicola xmoI^nM/iiiw 
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Humicola insolens fCim , C4?G 
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fjjiffi i cola insol &ns /WisY 


49 


Humi caia hic<olBns /SllSF 


53 


Humj cola itisolens/ S4 5T 


85 


h V su col a i nsci e ns / S 4 5 N 




col a 1 nisol e«0 /' D 1 i 4 N 


6 


Bxisiicolsi in s o I BP. s / F 1 3 2 D 
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MuTsi CO .J 3 i tiso 1 e ns / Y i 4 7 1> 


34 


Eum.i CO.? a i m^ol ens / Y i 4 7 C 
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Mmii cola ItisolBns / T14 IM 


74 



womnzm 
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Humicolsi Iiisoi&m/YIAIV' 


33 




45 




34 


Humlvola inBol&ns/ii^fQ. 


41 


h'u^d cola i nsol Bns/YX47W 


53 


Hum cola i nsol &ns/Yi 4 7K 


45 


Bumicol^ insole}-is/YX47B 






57 




55 



Prom this axper iTn«:nt it. .is s«.er5 that s-utatjjig cons*irved 
residues in the bindir.g ciis?ft can be perforir«ed whil« retaining 
significant activity of the celltilase variant. 

B 

Based on th© se^juence alignment an Table 1 and the- di&~ 
10 closed computer isodeiing Js«sthod the foXiowing residuess located 
within a distance of si fross the substrate and not being con- 
sesrv«id «smongst the aligned saquences in w«re identified as 
points of interest for saakirsg cellulase variants v 

In this experissent non~conssrved residues, iocatsd no 
3S Tsore than froni the substrate were inodilied in r,he Hxixsicoja 
insolens EGV celiulase and the spaci£ic activity was jaeasured 
as described under Materials and Methods, 

The type of i&utations and the. variants specific activ- 
ity are siaaissarixe*^ in the folXowing tablet 
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Humi col a i naolinnsi / R4 Q 
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MvMcoilk insoimislsTsT 
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H^snicola insolens/SlSU 
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BujRicoia insol&ns /Liibi 
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Froja this ^sxpef ijs«nt it is ssen that i»Dst of th« non- 
conserved residues; in the binding cieft can he mutated while 
rsttaining &11 or most of thi* activity of the csiilulase. 

s 



A, Variants of t.h& pr^^ser.t invention ssay show ixfspro%''ed 
s perf ttrssance with respect to asi altered ssimsit ivlty towards^ ani- 
onic tensixliss, .s^nianlc tensides are products frequently incor- 
porated into detergent, compos it ions> . Unfoldirsg of cellulases 
tested so far, is «ccosipas-sie4 by a decay in the intrinsic fluo- 
rescsnc«! of the proteins. '¥hB intrinsic f luorssc&iide derives 
s£> frosi Trp side chains (and to a ssaaller ext®iit Tyr si<Se chains) 
and is sensitive to the hydrophobicity of the sid® chain envi- 
ronssent* Uiifolding leads to a iRore hydropMlic environjtient as 
the ®ia«»chalns toecojae sior^ exposed to solvent, snd this 
quenches f;iuor«scena® « 
15 Fluorescence is followed on a Psrkin/Eliser'''* LS50 lumi- 

nescence spectrometer. In practice, the greatest change in 
fluorescence on xjnfoiaing is obtained toy excitation at 2S0 nss 
ana estisslon at 34S m. Slit widths {whicfe regulate the magni- 
t«d« of the signal) are Visually 5 rm for teoth essjlssion and ©x- 
20 citi&tion at & protein concentration of 5 m^/^I- Fluorescence is 
measured in 2-*ml quarts ciavettes thermostatted with a circulat- 
ing water bath and stirred with a small jaagnet. The saagnst- 
stirrer is built into the spectroTneter x 

Unfolding can oe tollowea in real time usinq the avail- 
as able software. Rapid unfolding (going to co-^-iplstion within less 
than 5-10 minuces) is jsonitojred in the; TimeDrive option, irs 
which the fluorescence is sjcasmtsd every Jiew {2~5| seconds. For 
s lover unfolding, four cuvettes can be measured at a tirse in 
t^»e! cuvette-holder using the Wavelength Programs option, in 
30 which the fluorescence of each c«v«tte is sseasured every 30 
seconds, In all cases, unfolding is initiated by adding a sjaall 
volume (typically SO fil} of concentrated enzyme solution to the 
thermostatted cuvette solution where tniKlng is complete within 
a fevf seconds due to the rapid rotation of the magnet. 
35 Data are measured in the software program GraphPad 

Pris?^i, unfolding fits in all cases to a single-ejtponentxal 
tuncrion from which a single half -tisae of unfolding (or unfold-- 
ing rat© constant) can be obtained. 
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£S. 10 r&ti CAPS pH iO, XOOO pp?^ IAS, 40'C 
b, iO HEPES 10, 20O ppsr. I^AS, ^ST,, 

Its fcoth the protein concentration iss 5-20 s-^g/sa 

s (the protsir, concentratian is net crucisJ , LAS is in &i<- 
cess)v Under th®s« conditions, t.h« unfolding of mis«icci& inso- 
l&ns csiliiiJass; can cctsparcd vith other ^nzyii&&& (Table J). 
This «nas>i«s to dr^jw vp t:hs fciiowing ranJcirsg order for st.»~ 
Jsility a'gaxnst. aniorac t«nsia«: 





t:^j pH 10 {S> 

{100<i PP3S UiS, 40*CS 












6.3 






37 0 




ThlSI&v^^ ts!r~ 







a Uttl'oldlng is <^c?ubla~«^ponsrsti:8A. Tha t^ of ths slovfer phase 
is appro*;. . 12 e see. 



B. Tns 3>teracjo!-s of cue, surliacs exectrositat ics cf an 
snsysis will influence r.h» sensiteiiity towards anionic tensisSes 
such as {isnear alkyibenasnesulf onats) - Ssp®ciaXly variants 
2D whess positive charge-.- rss;x id\;«?r> hav« iH-R-sn removec and/or nsg^s- 
tiv&iy charged r».>s;«ijes nisvi;? dsc;; sncrodu-i-a v.li 5 r,ci'€-oB:=: the 
rssistanc?: towards.- IAS, whereas th« oppositt', i.^:, tno inrro- 
'iuctiC"^ <: roi-s , t ivsiy cnar'-^c^ residues ^rs;1'0i t:^a rs^jnovai cf 
rseo«?:.:: vely cfiargod residues will lower the resistance: -.owariSs; 
LAS. The r<feXlcs\ies htq im , hys fK) and His {K; arc- v,-?:vs.^d 
positively potentially positively charged i-^s: j.du;c- an-S ^ho 
rpsjudues Asr C^-ii f» crv. Cs^ iv *• ' - ar- ^ 

sulphide bricscje itre v.ie-«-ed s;? n-rg-.i^: vr ■ v -;r po^r^nt .la.; i v nega- 
tively eha.i?i3Sd re;5jd«eB- ^'ois.:.t ioru; already ;;or4t.;iir;if\9 ons; of 
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thfss« ri&«i<3ues ar«: the priss&ry tar9et for stutagsnssis, secon- 
dary targets are positions which has one of these rasidwes on 
an ®<|tjivalent position in ai^other cellald-ae, and thira target 
are any surfac?^ expossed ressidvie. In this oxp'^risfscnt wild typ^ 
HUTrdrols^ sr.aolen*, ceilulissse are being caisp^irea to Huracoli-i in- 
BoiersS ceiiuLiss viriAfsts b^Tcnq-inq to thr^^o ot th'> abo>vr- 

groups, cosipac ir.o the stability touria LAS ir decf-:rg<&nt , 

Ceiralaae resistance to anionic surfactants Wciss pea-«i;ar«ja 
as activity ofi PASC {phosphoric acid swollen cellulose) in th« 
10 pr^SBtiO^ of aftioTsio surfactant vs. activity on PASC in the ab~ 

1?hs reaction ^eaium cd^ntaifted 5,0 ^/l of a coss^ercial 
regular powder deterg^Bt from the iiet«rgeiit manuf acttsrer lHOPk 
Denmark. The doterofejjt was formuiatad without surfactant® for 

15 this «xperi»ent aiid pH adjxsstad to pH 7.0, Fisrthsr the reaction 
^edxxjK5 included 0.5 g/l PASC and isfas with or without l g/1 IAS 
(linear alKylhenzenesulphonate) , which is an aniyn;.c ,~\3rfac~ 
tant, and the reaction proceeded at the temper^stis^ >^''^c fos ^0 
mimit5?<s, Ct-rr>nar.r- vci^ do^cd 0.20 S~CEVU/1. After Ui^ .H' 

£0 s'unr.t-es of ■ncubatiors the rvactior w.-^-.^ stopped with 2 ti >;-sOH 
and the as^ount of redi^cino a>'agat «>ndc^ Uftm^uned thrcsugh reduc- 
tion of p~hydroxybena;osc acid hydra?" d^, \'h« dccrcasfs in aib- 
sorption of reductad p-hydroKyhon^oic acid hyarasada relates to 
tl5ie c<@ill3ulasfe activity* 

2S The type of ssutation and the resistance towards LAS for 

variatits with increased LAS rtfesistance is siummariaed in the 



following tablej 



Variant 


Relative IAS 




resistance 




m 




100 


MtmIcx>I a Tnsol®ns)m SSl 


341 


BtsmicoXss insol&ns /mF.miE * Ai&2P, 


179 


^umicoia aijioiei^/iiSBE ^ Al€a"P 


34? 


Humicoia insol^ns ^UIBBQ 




Huilcola insol ins /S a S 3 6 


IGI 


numcSla iriBol ens /Rl 5S E/ E 19 6 E 


319 





351 - 


Sutnl cola insoIensJmnM^^^M^mhXi^ 


344 


si u TAX col a insoiens/m. 1 §0 


14B 




131 


Humicola insolBns/mS2h, vasoF 




mmivola inioIiHi7wS2¥;Ai62P — 


130 


Humicola iriBo.!«?.ns/W62E,A162P 


129 


Humlcola insol ens / si ITD 




Humxco 1 a inso.l ens / A57C , M62C 


134 


HutRicoXa lnsol^i>s/m&AX> 






134 


From this table It If. ^-.--oh ^.^^t mutations of rssiduss 
X"esaitin<3 in the re£c;oval of positively charged residue and/or 
t|:^e introduction of; a negativsly charged r«!sid-ue incr^aise the 
resistance towards LAS> 

hB a«scribed above the type of mutation and the resis- 
tance towards LAS for varisints with decreased LAS resistant® is 
sisjssaariged In ths following table: 


Variant 


r Relati^-'LAS 

resistance 

m 




100 




71 ^ 


mmi^oir^Eis^s/zmp 


52 


mmTcoITmol^nBfni^l^,hlB2^ 


€4 


mmxcola i«^o&/D6?T 


4? 




61 


mmicola insalmfB^e^ 


47 


mmicoM nSoHnsfmn ' 


71 


WiiMcoir'inBoi^nBfVUR 


S8 


Mtsmicolm inBol^ns /mSB 


48 


Bt^^WJnBoi^nsf^sM ' 


m 


mmi col a insol^nsm^Tji&lT , AS^T 


64 


Buml col a insol &ns/ m IQ 


7 i ^ 


Hu;«.i coi s 1 nsoi Bits / Ki^m 


63 





67 


HumicoJa inBal&nsjsHTK 


62 


Wicfola in0Ol&ns/mn, A63l, OS^K 


54 




0 


BumicoXa insol^nB /mnk 


15 


Humicola insoX^nsJiyiiR 


39 


b'uml col a insol &hs / 


3 8 


hlumi col a insol BXiS /R37H,D58li 


6 


Hmrd co.?.a i nsoi e«&' /WiisB 


32 


Himicola. xnsolens/ D3N 


43 


Hus3icoJ.a insal&ns/n'iS'R, D67'R 


40 




5 




17 


mmi col a i nso i ens? / Y 1 4 


1 


Humi vol a. i nsolens / DI6 1 P 


35 


Bumicola i nso.l enB /D6 gP 


40 


Yumicola insolens/ne&h, D67T 


39 


mxmicola insolens/mvn, *I43HCT 


? 


Hiiff; 5 coi a i xiBoJ ens / Q3 61% D67T , * 1 4 3 HOT 


0 




22 


Iii3j55i cola ifiscsi ens; / W6 


25 


^j'usjicoi a iisso.?. isns / S 1 1 ? E ^ FX2 OS 


31 


Humiaola iuBolens/Kl^R 


16 


Harai col a insol ens / DIQE 


0 



From thi^ tabl« it is sa«n that mutations of r«sidu«s 
restiltlng in the introduction of positively charged residue 
aM/or the r&movnl of a negatively charged residua aecrsas® the 
s resistance tou&rds hhB* 



Mteratlon of pM activity profile 

The pH activity profile of a celJuiase is cjoverrs&d by 
10 the pH dependent behavior of specific titratabie groups, T,ypi" 
caliy the acidxc residues in the dsctivo site, Tne pH profile 
csn be altered by ch&nqvnci tne e,iectrostatic eBvironment of 
these residues, ssither by substitution oi" residues Involving 



cijajfged or pol:«ntialIy charged groups such as Arg (H) , Lys (K) . 
TV- (Y^, His im, Siti <E), Asip (D) or Cys (C) if not involved 
1^- „s d.s..)ph3de bridge or toy changes in the surface accessibil- 
ity o^^ t:wse rp«nilic titratdbXu groups by mitations in the 
s Mdirjg d^^ft withjin ot the substrate. 

Ixi thi?< exa'^ple Fii^n^aoU^ in'^sfl&n;^ cs-<lu>.-i3e and v.=sr:3,~ 
ant&j ot Himirola zpsc^len>^^ c : < - ^ ^-vo ^l >uosf5t at.cn ot 
char;3ed ar r''->t-rnt xaU v charged rc.-.i:s.<o& have Uen t,c-s^ed tor 
activity tov.-irJr. TASC ai pH 7 and pH V'., xc^pcot i^^, , 

caaer to v3f<tciffime th- rH o}-ti?rur for .;el^u j-ss^*: ; we 
have selected sjrganic buffers bocd i ^> <t conmor l-rov- that 
e.g. borats forms covaient compi ex<-.-i with isono- and oligo- 
saccharides ana phosphate can precipitate vith Ca~jon&. Tn DATA 
FOE BIOCHES4ICAL RESEARCH Third Edition OXFORD SCIENCE 

IS PUBLICATIOfl^ page 223 to 241, suitable organic buffers has been 
found. In respect of their pKa vaiwes we i3eciaed to use Na- 
acetate in the range 4 - 5.5, M«« at 6.0, mPB in the range 
&,5 ~ ?,S, Ka-barfoiturate 8.0 - 8.5 and glycine in the range 
» 10*5. 

^ iitllMl 

The nethcd i-n c>->^y3iat degraaation of carboxy-methyl- 
c«-^i tulose, diflei«rt pH's< Buffer® are prepared m the range 
4.0 ^C.^ ' .nte-va^^ of 0.5 pK Uxnsf. Th s v/- ir ^Mo^ed 
oii io?">.'ior c1 ^oduc^-^g «*suh; is- cd^ ; o\ ^ i^. ^ix.>, 

2S those are vlfuali.;^'d by reaction wath ^HaAH in j^tior-o aiKAlxne 
environ?sent, were they forms a yellow compound with absorption 
mxi^am at 410 

Buffer preparation; 0.2 moi of each buffer substance 
3D weighed out and dissolvea in X liter of Milll a ^<?ater, 250 ml 
0.2H buffer solution and 200 ml Milii Q water is jai>jed. The i>H 
are nr-asured using l?adiojneter PMmz labmeter calibrated using 
standard buffer solutions from Radiosseter. The pH of the 
builers are adjusted to actual pH using An mOH or 4M HCl and 
adiusted to total 500 ml with water. When adjusting Sa- 
barbitarate to pH 8,0 there sjjght bo same precxpitat ion, thx.s 
can be rs- d.?.p>3iv<^ . by heating to bO'^C. 
Acetxc acid 100% 0«2 jhoI ==: 12. Ot g. 



HES 0,2 l&OJ 39.04 
HOPS 0,2 mol '-^ 41. S6 9. 
Ma-barblturate 0,2 ssol « 41,24 g. 
Glycine 0,2moX 15,01 g. 



pH: 4.0 J 4.5, 5,0 & 5,5 Ka-acetutte (KIM 

put 6,0 r3a«HES O.aM 

pHJ 6,5, 7.0 li 7.S Na-MOPS O.IM 

pH; 9.0, 9,s, 10,0 & 10,5 Ha, glycine Q,m 

Th& actual pK is B^asutBd in a series treat^a a« the main 

valuesj, but without stop reagent, pH is rseasured after 20 i&in, 

ineufoatiisn at m 

2,0 ^ case , in 250 jnl conic gl&ss flask with a jaagnet rod- 
is sjoistenesa with Jsl. 96% ^thar^ol, XOO jal. Milli Q water is 
ad^ed and then boil^a to transparency on a heating saagnetic 
stirrer, Ajg^proximately 3 s^in* boiiincf. Cooled to roojs 
tesiperatiire on -magnetic stirrer. 



1,5 g PHBAH and 5 q K-Na-tartrc^te dissolved in 2% HaOK, 

There are siade 1 ssain values and 2 Mank vaius using 5 j«I 
glass test tubes. (1 jsain valtis for pH determination 3 





Main valiues 


Blank value 




1.0 JSll, 


i.O jnl. 


S^bstrat® GMC; 


0,?S ml* 


Q.7S JSl 


Mix 






Preheat 


10 isiin,/40«'C. 






0,2s 




[Mix 


5 sec. 




i Incubation 


50 fr.in./ 40»C. 


room temp. 


PHBAH ~ r esgent 






Mix 










(K2f> .nsl. 


Hix 




S sec , 



m 



ni>tin<g on a Heidolph REi^.X 2000 sixei- with per -narsisnt srd.x 
and maxi?;n}S5 spessd (9). i<o stirri.nq during incub.?.t.ior. on wau.er 
bath with temperature control. Ismediat^Xy after adding PHBAH- 
s reagent ana Mxlng th« sampl®^ are boiled 10 min. cool^a in 
cold tap water Cor 5 isin, &tesorbanc« rsad at 4.1G im. 

Set^mlaatloT) Qje...Mti:o^ 

Th«! atosorbance at 410 nsi from the 2 Main values are added 
10 and divided by 2 and the 2 Blank values are added and divided 
toy 2, the 2 msan vaXxjes are sutotract^d. The percentages ai~e 
calculated by nsing the highest value as 100%. 

The laeasured pH is plotted against the relative activity. 

Acetic .scid 100% froiw MERCK cat*no* 1,00063, batchno.K2093S263 
422, pKa 4.7 MW 60.05; 

MES (StH-Morpho i ino]fi;?:hanesuIfonic Acid) from SiaMA cat,iso. H~ 
batchno. 68F-&62S, pKa 6.09, 195,2; 
20 MOPS (3-[!l«Horpholino]propa«eeulforsie Acid) frons cat, no. 

H-iaS4, batchno. 11SF~5629, pKa 7»XS, MW 2 OS. 3; 
Ha-barbitwate S-Diethylbarbituric acid sodium salt) froa 
mmCK cat -no. €3 IS, batchno. K2 0238 018 404, pKa 

as eiycine frojn HERCK cat. 4201 ^ batchno. K205S3SSO1 40S, pKa 

PEhm <p-BYDItOXY BEH20IC ACID frOBS SXOm 

cat.no.H~9SS2, batchno. 53H7764; 

K-Ha^tsrtrate (Potassium sodiuja tartrate tetrahydrate) from 
30 MERCK cat.no. 80S?, batchno. A6S338? 304; 

NaOH (socJius^i hydroxyde) from MERCK cat.no, l,QS49g, batchno. 

C29419B 404; 

CMC (Csrboxy Ksjthyl Cellulose) supplied by Hercules (FKC)7Lr 

{novemfoer 1989} . 

35 Cellulase resistance r.o anior.lc surf sctar,t5.=: vas Kieasure<^ 

as activity sn^ PASC ( phosphoric: <icid swollen cellulosfe) at. nexs- 
tral pH (pH 7.0) vs. activity on PASC at alkaline pH (pH 10. 0), 
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The react i«3Ji sifediam containers 5,0 g/i of a coa^ercial regular 
powder detergent from the detergent ssanuf acturex- ?^OPA De.nmar5c> 
The p'H was adjusted to pH 7.0 and pH ao.O, respectively. Fur- 
ther the reaction i^edi-asj included 0.5 g/l PASC, and the reac™ 
s tion proceeded at the temperat«re 30"C for 30 jninates. Cellu- 
lase vas dosed at 0.20 S~CE\aJ/lv After the 3 0 ^dnutes of incu- 
bation the reaction wae stepped with 2 jSaOht «nd the asso^nt of 
reducing sugar ends determined through reduction of p- 
hydroxyfo«rs2oic acid hydrazide* !?h« decrease in afosorpticn of 
10 re<3ticed p-bydroxybenzoic acid hydraaide relates to the celiu- 
iase activity. 

r&auits are preseated irs fcha tafela teelow^ the ac- 
is tivity at pElO relative to pH7 is cosipared to that of ^'ild type 
ii\assicola in&olmnB c!©lltiias«sv 





PASC activity 
pHiO/pH7 relative 
to \isriid type 




100 


Hu:(sicola insolens/SiBK , S117D 


ISO 


Humi col a i nBol exis / V 1 2 9 L 


133 


Humicoi^ xnBolens/tHh, H€SH, D6?8 


120 




115 


Humxcol a insol er^s / D 16 IP , A 162 P 


117 


Mumi co l a i nsol ens / A 57 C , A162C 


110 


Humlcol a Irssol ens / S7 6K 


11? 


mmi col a i n iso 1 e/ii? / ,D 1 6 1 P , A 1 6 2 P , F.1 9 6 E 


113 


Husji coJ. a insolens/Q'ifyT , D67T, Aa 3T 


111 


H tJiiji CO i a i n ^; o I ens/miZB 


112 


.HuMiicola sniVoiei'U?/D42V: 


110 


col a. i n,aci eri^? / S7 6K , A78K 


114 


iiuisiccia inBo.l&xis/Sl€Kf A,7SR 


iia 
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From the above t«foie it is &®en that the relative alka- 
line activity can b& increased by cr^atin^ vajriants involving 
potentially chargM residues and/or by alt-ering residues in the 
binding cieft less that sA £rom the substrate , 
5 Sii-nilariy the following table shows that the r&lative 

acidic activity can be increased by other ssutations involving 
potent ially charged residues ami/ or by altering residues in the 
binding cleft less than sA frojss the substrate. 



vat xant 


PAKC activity 




pHI0/pH7 relative 




to wild typs 




l%J 


Ml^mi CO 1 a i s o I ens 




Huiitl col a i nsol Bns] 056 A 


S3 


i'/u.fsi vol a i nsol ens / Y 2 S OW 






m 


Huthl col a xWsol ens / AS 3R 


m 


iumlaoii insolinBjtBf 


Ml 


Humicoia insi>lmns/M€2E 


g2 


Humxaolst insoi^ns/mm.D^m 


S4: 




81 




B2 




m 




83 


Bumxaolk imsol&m /m2t, 


87 




m 


Humicola imoT^ni] 


90 


Humlaoli xmoi&ns'ftxkin 


90 


Hum i cola InsQlhtis ]¥iAiQ 


es 


HumicolA insoliis/Y147W 


S5 


Hum! aol i i nsol end /£i92P 


89 


HumicoXa i/jsoiiriS/HlsM 


83 


mmiao} a InsolBns /S152D 


SO 


Ham X. col a x.r.i sal ens J Ki 3 Q 


82 


nxmi cola h^solens/RllP 
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87 


Btsmlaola xnBol&ns/M&D 


86 


Huml cola i nsol &ns /Wit 


83 


Humlcola insolBB^/P14A 


S4 


Humicoia insol&ks 


m 


mmicoi^ insol&ns/Ai^T 


90 




«8 


Rutnicol a insol ens / Dl 3 3 M 


B© 


Huxf.i aoia insol&ns fti4Qti 


40 


Humi col is insolmis/YBOF 




Hixmicola 1 naol BnsJhUf) 


m 


Humlcola inBo~ 

I BTiS/Qx 27S , :n 3 1 A A 1 62 P , Y^SOr , 




Bumi cola ij-isoleris /YX47S 


39 


Huml col a isn^ol&rm/ Y 1 4 7 F 


71 


Humicola insol e.ns/T6S 


44 


Hum i col a i nsol en s / S 5 5 S 




Mumiaola insolens/'mZ'SD 


m 


Humicola i«s;oiaj3s/i3123V 


71 


Humlcoia insol ] ilSSE 


m 


Humicol a imol ens / T.l 3 6 D , <S 1 4 1 R 


m 


Bumi calm insolBixs ^Q127S , i 12 lA, Mi2F 


m 




m 




m 


lussISli liiioIiiiJwiSf , "gI27S , I 


m 




80 








^1 




76 


Humicola lnsol&ns,m€2E, hi62F 


SO 


Miml cola SBol"miB/m5BE^ hi€2P 


80 


Humlaola insal^im/YBF ,^x4t7B 


63 


Huml aol a i nsol ens / ¥ a 4 7 a 


54 


if is\fi{i col a i B^ro J ans / Y i 4 7 v 


22 



94 





m \ 




60 


'mimicola insol&nk / N i s 4 b 


74 




IS 


Hurni cola insol&ns/mmE , DISIP , A1S2P 


7^ 


fiumicola insolBXiB/MlT , *l43mT 


m 


Htm i col a ixxsol ens /Q3 6T * D67T, *143K0T 


m 


Stsmicola insoIans/143*HG^<f , Q145D 


S3 




42 


Humlcolst insalmis/msR, 


60 


i^sissi cola insal ens / 3 R , ^I65R , 


77 




SO 


Si i col & insoieni^ 1 S 7 6R 


:7:S 


^JuiRicciia xi3.5;oisns/3117E, FI20S 


58 


Bmjm i col a iissoi. ens / H i 2 :5Q 


63 


Wumlcal a ins al &SU' / M 1 2 3 M 


49 


cola insolens / M 12 3 A 


8Q 


HSiffiiOCila i.'5SO J i'iP.S/ E48D, 


66 




61 


Bumicola insoiens/SSS^ 


48 




54 


i^u «si CO 1 a insoleins/SASn 




Eu mi CO la irtsol &r}B / R? V* 


S8 


Hximicala insolBns/Kll>^ 


7^2 




74 




3S 


Humi coj .3 i nso J en^^/WiaY 


■ 5-7 


ilusu col a i nsoieniS / CI SM^ CS6G 


67 


hSI cols iji^oieijjs /Kl3L 


SS 




i2 


numicoia IhiolBnBjmi 


62 


'mmicola JnsolBJt^/cWG 


SB 


Eumicola xnBolens/CXZi^tCiAin 


S 




0 




49 



-wo 9mm'? 
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Accc<,t:dlx5gly , this exatsple demonstrates that, the reiativs 
activity pH profiU- c^sn be alr-orad tov/ards acidic cr aikal ine 
pH by crgsatio;-^ of vAr.drstf- ; nvo} vi x^>;j potentially charged resi- 
dues and/or by altering residues In the binding cXeft less that 
S 5k from the substrates. 

EXAMPLE .10 

10 Application ©ffect of a celiulas© sssaa^ resistant to ani- 

oxiic sxjrfactants vsj, application offset of the native c^lluiast^ 
was iaeasured as "color oiarif icstion* of worn black cotton 
swatches ia«na«sr®d with c^Xluiase in a 0,1 liter 3ftini-T^r9-sJ" 
Meter. Laundering wa® clone in varyirsg concentrations; of anionic 

1^ sur^f actant * 

•The reaction a?eai\jm contained phosphate buffer pH 7.0 and 
varying concentrations of LAS in the range QrA-lA) g/L. Two 
swatches vere K=iundor«^d .s? 40''C lor 30 ssinutes, rinsed and th«n 
dried. This lausKkirinti cyi.;lr,? wfsr repeated fc-ar times. en- 

M zymBB war, tested at each tjs^s concentration. 

FinaLly the biacK: cotton swatches were qraded aqas.nst a 
standard of similar swatches wasshed with varyinq dosaqeo the- 
native ceilulase, the funga.l "43 kD enslo~p~l, 4~-glucaj>ase iirom 
Miimicoi.9. insolens, Dsn ISOO, {coJUsserciaiXy availabie under the 

25 tradename Caresymo®) , and the effect expressed in BSU (panel 
score ustit:^) V 



Variant 






LAS 


coKcentrat ion 










0.4 




0.8 


1.0 






g/l 


g./i 


g/1 


g/1 


9'/ i 


Humicola 




15 


0 






0 


BumiaoXa. 


xnsol&nB /m.3BE 


30 


14 


30 


22 








20 


18 


20 


3 3 


28 



X. hn snsyme variant coJS|>risiti9 a catalytic care dorsain 
axhiteiting caXX^lolytic activity, ^hich variant ir. derived from 
s a naturally occurring parental celiulase by a«.lno acid residue 
substitution, insertion or deletion or any ccmbin.itt.ion thereof, 

~ at position S {oeliuiase nxmhBrinq) holds an alanine residue 
(A) , B serine residue {£) , or s threonine residue (T) ; 
10 - at position 8 (cn?Uul.ase nu5^.bering) halass a phsnyiaia*>i^^« 
residue (F) , or a tyrosine residue (Y) ? 

- at position 9 (csllulase nuiv>»ering) holds a phenylalanine 
residue m . ^ tryptophan residue (W) , cr a tyrosine re^idu^. 

(^)* 

IS - at position 10 tc^lXulase n^beritt^) i><>2.<is an aspartxc acid 

res id-a® ( D| J and 

- at position 121 (cellulate number holds a« aspartic acid 

20 2, Th^ variartt according to claim 1, which at position ii9 

Cc^lluiase mmisering) holds an aiaino acid residue selected from 
the groxip consisting of histidine (K) , aspartic acid (D) , 
asparagins (IM) , gluta^ine (Qh arginins (R) , and phenyiaianine 
(F) ; preferably fross thfe gr«3up con&isting of histidine (H) and 

2S aspartic acid (D) , 

3. The varlarst according to elm 1 or 2, which at position 6 
icellulase nursb^^ring) holds an amino acid re&idue selected fros> 
the gro-ap consisting of threonine {T) and serine <S) , 

m 

4. The variant according to any of tha claiTsst which at 
position 7 Ccaiiulasa niijsfesrinfj) holds an amino acid r*?sidue 
selected froTS the group consisting of s*r«sinine m , ie'-Krine 
{L), isoleucine (I), tryptophan m> and lysine (K) , preferably 

35 trom the group consisting of arginine m , leucine (L) and 
isol^ucine CD - 
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5. A caliulasfc^ variant, which variant hoX<is 4 or more of the 
following disulfide foridg^s: Cll-ClSS? Ci2~C4?? C1S~CS6; C31~ 
CS6; CS7~Ci99; and ClS6>-€3.6? (c^ilwlas-a najsbering) . 

6, The celiuXasiS: variant acoarding to claim 5, which variant 
holds s or 5K>r<r of the foilovii^g disxjXfia^ hridgsst Cll-Ci35j 
€12~C47; C.i;>~CS^'.; C31'-CS6; CS7~ClS9i: CSS-CISS? and C156~C167 
{celialase ftuasberirsg) , 



The celluls^se variant. 



according to claiir. 5, which variant 



holds 6 or more of. the following disulfide bridges: C11~CI35; 
C12~C47; C16~C86? C31~C5&; CB1~CI<j9; C89~C1S9; and C156»Ci€7 

as 8, The ceXluIase variant according to any of claims in 
which variant a cysteine residt3« h&B fosen replaced by a 
different natural amino acid residue at om or snore of t.he 
positions 16, 87, 89, 189, and/or 199 (ceilulase 
R^a^beri ng) » 

2CS 

9, The ceilulase variant according to any of claisn^ 
selected frojs the group consisting tbs following variants 
derived frosB Bajsicoia in«oiei5;S endogXucanase v (EGV) ; 
eX2G/C4?H. C47G, CS7??/C1§9G and C16K/C$6G« 



2S 



10, A isiethod of reducLncj the thermostability of a cellulase 
cossprising resioval, fcy atsino acid substitution, deletion or 
insertion, or one or more disulfide bridges selected fro^ the 
group consisting of C:u.-C135; C12-C47; C31~C56; CS7- 

30 C19S; ca9-C18S? and ClSS-Cie? {ceHulase nmbering) . 

11. celiulase variant derived froia a parental cellulas-; by 
substitx^tlon, insertion and/or deletion at one or more ar:ino 
acid residues located in the substrate binding cleft at ^ 

3S position within an enjsyrse-substrate interactive distance trcm 
the ssitostratev 



12. ThB c«.llxslase variant according to ol^lm 11. which variant 
has been arrived from a parental cslluiass by substitution, 
insertion as^d/or deletion at one or more aisino acid residues 
located in the substrate binding cleft at a distance ot not 

s ssore t3sssn 5 1 trow^ th® substrata. 

13. The celXulase variant according to clais?> 52. which variant 
has be^n derived fro^ a parental ceilulase by substitution, 
ir->erti«n and/or deletion at one or more o.f the foriox.Mng 

aQ positions. 4, 5, 6, 7, 8. 9, 10. 11, la, 13, 14, 15, , 

19, 20, 2-, 21a, 42, 44, 45, 4^, 4B, 49„ 49a, 49to, ?4, S2 , 
no, 111, 112, 113, 114, 115, 116, 119, 121, 123, 127, 
128, 129, 130, 131, 132, 132^, 133, 145, 146, 147, 14B. 149, 
iSDfo, 178, and/or 179 (cellulate nimbering) , 

15 

14, Th«i ceXiuiase variaiA according to claim la, «bich variant 
has teen derived fro® a |>arerjtal celiulase tey substitution, 
insierticn and/or deletion at one or taor^ of ths folicwing 
positions? 4, 5, 13, 14, IS, 16, 1$, 20, 21. 21a, 42, 44, 47, 

20 48, 4§, 49a, 49b, ?4, S2, S6 j , 110, 111, 113. 115. 116, H?, 
123, 12«, 131, 132a, 133, 145, 146, 150b, 178, and/or 179 
icellulas«s tiummviml- 

15. The cellulate variant according to <zl^iM 13 su^.^acted fro7« 
25 the <3rox^p consisting the following variants arrived rrorn 

BumlcDla xn^olens <>ndogiacanas« V {EGV.U T6S, R7I, HTW, YBT , 
C12^^/C47G, W18V, mSF, S45H, D114^, F132D, VI47D, 

Vfl47C, V147W„ i-14?V, Y147H, ¥1470, Y147Q, W7N, i'14?K, ri47H, 
Y147F ^nd yi47S, 

30 

U.. Tbe ceiiulase variant according to cialsn 13 selected frois 
the qroup consisting the following variants derived froTn Hum" 
cola insolent." endogiucanase V (EGV) x E4S, iS4Q, K13L, K13E, 
m3Q, F14A, Pi4T, SlST, S15K, C16H/CS6G, 
3S M9s' K20G, D42Y, M8». E48a. E4SD/P49*, E48H/F49* , 

SllON, L115X, GUrO, H119B, Him, H119F, 1^12'i;«^,, KX23M, Ni23Q, 
iil23¥, !S3123D, V129L, and Dlim, 



17, The cellxjlase variant accordis^g to claixs 11, which variant 
hiEJS been derived frois a pa.r«;ytal celUjIase by scubst itut:ion, 

s insarticn and/or deletion at. ono or ;T>ore assino acid residuf-ss 
located x.ti the substr<it^- .b.l.ndlng cleft at at distanca of not 
issore than 3 A tron the substrate, 

18, Tha celiulase variant accordin« to olairn 17, vhich variant 
10 has Vjeen derived rrom a parental celiuiase by substitat,>.on, 

insert ior^ and/or deletion at one or rsora of the following 
positions; 6, 7, 8, 10, 12, 13, 14, 15, IB, 20, 21, 45, 48, 74, 
110, 1.11, 112, 113, li4, lis, 115, 121, 12?, laS, 129, 130, 
131, 332, 132a, 14 147, 148, l&ob, 178, ^nd/ox 175 <celluiase 

19, Tbe ceXXulase variant accordihg to ciaiie 17, %fhich variant 
has h^en derived from a parental ceXiulase by sufestitution, 
insertion and/or d^l^^tion at on& or more of the following 

20 positionst 13, 14, 15, 20, 21, 48, 74, 110, ill, 113, IIS, 119, 
129, ISX, 14^, ISOfo, 178, and/or 179 (c«il«iase narnfoering) . 

2D, A cellulase variant, in which variant an arrd-no acid residue 
has been changed into a conserved atnino jacid residue at orse or 
2S more posltiosis according to Table 1, at which position's) 
betwe>t>n and 10 ajnino acid residues of th© IX residuas 
identified in Table 1, are identical. 

21. The Ci-riUlase variant accord Inc? to clais? 20, which variant 
30 has been derived I'rojr; a parental ceilul^tse by substitution, 

insertion and/or deletion at one or more o£ the SoJlovinc? 

positionst 13, 14, 1^, 20, 21, 22, 24, 28, 32, 34, 45, 40, 50, 

5J, 54, 62, 63, fe4 , 65, 66, 6S, 69, 70, 71, 72, 7:5, 74,, Vti, 79, 

SS, 88, 90, §2, 93, 95, 96, 97, 98, 99, 104, 106, 110, 111, 
as 113, 1X5, 116, lis, 119, 131, 134, X3S, 14Q, 146, 1S2 , 153, 

163. 166, 169, 170, 171, 172, 173, 174, 174, 177, 178,179, ISO, 

193, 196, and/or 197 (cellulass numbering). 



22. A c«lXulgJS«: variant according to claim 21 cojuprisin^ one or 
inore of the. follovirs^ mutations C^5«3.Xulase numtering) ; 

& P14?i or 

SISH or HISS; 

K20E, KlOG, K20A, E20K, G20K, A20K, E20A, G20H:, 

A2(3E, G20A, or A20G? 
K21J^ or miKf 
ID A22G, A221?, P22h> C22P, or P22G* 

V24*-, V24L, *2.4V, L24V, *24I:, or 

V28L, A28V% L2BV, A28L.< or L28A; 
H?2D, N32S, H32K, D32l>n K32H, D3aS, D32K., S32D, 

K3 2D, S3 2K, or K32Sj 
IS r^3 4D or D34N; 

IK^L, I3SF, I3SQ, L3SF, L38Q, 

0381,, F38t* 03? <JMF; 

Siisf? or mmt 

ao £48Df D4aE, H48S:, D4aH, OX 

SS3^, S53K, 

GsasK, or mm} 
m W62F or Fsa^i 

A63D or D63A| 

V64I,- 164V, D64V, I64D, or 1)64.1; 

H65E, D6SN, E65H, S65E, DSSS, 

or E65D; 

30 D66N, D66F, D66T, H66D, J^6GP,, N66T, P6&^;, 

TS6^4, or T6feP? 

F6SV, F6BL-, F6ST, L68F.. T&BF , P6SF, 

V6ST,< V68P, T68V, P6SL, 

T68F, or P68T; 
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m^T, S69T, or 

QUA or A71G? 

F7.?>\ «'?2F, ¥72F, or ¥72^!!? 

l; A73G ox: C7 3A; 

A74r or F74A; 

T75G, A75T, G7ST, V75A, VTJiG, 

G75V, A75G, or C75A;:: 
G79T or T79G; 
10 W85T or TSSW; 

A8SQ, QSSAf QSSG, MSI^, SS8Q> 

:R88Q, GBSH, or R88G:?: 

IS T93Q, ^93*?, E93T, or 

miT, G97A, T970^ A970^ T9?A, OX A97T| 

m mm, m wmi 

M104L or L104M? 

or n06Vj 
S11Q,N or MHOS; 

TllXI. TIllV,, IlllT, Viil'I, IlllV; or Villi; 
al G113Y or YXI3G; 

hll5\' or 

Giles* Gliea^ S116G, Q1J6G, S116Q, or QllftS; 
HllST, K1.X8Q, TIISH, QilBH, QllBU , TIIBG^ 

GUST, Q118T, CUBQ, or OUSG; 
30 mi9Q, Q119H, or HllSHj! 

V12^1> or Lia9¥; 

II31L, I131A, LI31I, Ai31X, MSIA, or A131fc? 
S5134A or A134S? 



i®2 



Q13BE or 
G14C3N or 
R14 6<J or Q146EJ 
or Di52Sj 

S R1.53K, R153L, K1*>.3R, LlSCiB,. A153R, K153L, 

K153A, L1S:5K, L15>3A, or Ai;r5I,; 

r..1.63V, Va63L, or 

G166S or S166G; 
^i^SF or ri6W} 

F171Y* FUlh, Y171F, M?iF, or AlllY', 

D172E, D172S, l:i?2S, or S37aS," 

ri74M, F174W^ Mi?4F^ Wi74F, H174«, or «?1?4M? 

D178P or F1780? 
M179V or Vi79N| 
PIS 01, or LIS DP? 
Ij1^3I or I1S3L? 

20 mS>m, Ii96R, K198R, X196K, or asd/isr 

m9;7S JSSr Bm7T, 

23. A CislXuliisse Visriant^ wiiich varissnt has been derived fron^ .a 
parental cellulase by substitutioxn, insertion and/or dsiation 
2S at one or ssore of the foliov-^ing positions (celluiasfe 
numbering), .snd -^'hich variant; 

in position 4 holds R, K, V, or S«; 

in position 5 lioi<ls T, or ^; 

in posiition 13 holds K, or L; 
30 in isosition 14 holds P, or Af 

in position iS hol^s or S,^ 

i« position 16 hoMs C, or 

in position 19 hoMs A, D, Sf P, or E; 





in position 


20 


holds 








or 






in position 


21 


holds 




or 










in position 


Sla holds V 


or 


* J 








in position 


22 


holds 


A, 




or 


P; 






in positio'n 


24 


holds 






or 


*; 






in positio'n 


2S 


holds 






or 


V; 






in position 


32 


holds 




K, 


M, 


or 


s; 




in position 


34 


holds 


D or 








in position 


38 


holds 




I, 


I'f 


or 


Qt 




in position 


42 


holds 




<5* 


T, 


a, 






in position 


44 


holds 




V, 










in post! t ion 


4S 


holds 




or 


S| 








in positi<jn 


46 


holds 




or 










in position 


47 


holds 




or 










in position 


48 


holds 








or 






in position 


49 


holds 


P. 


s. 


A, 




or 




.in posrotior: 


4 9 


J holds C 


, or * 








In position 


49b boids 


* N 


, or * 








in position 


50 


holds 




or 


N; 






m 


in posjition 


S3 


holds 


A, 


G , 


K, 


or 


s? 




in position 




holds 




or 


Y; 








in position 


62 


holds 




or 










in position 


63 


holds 


&f 


or 










in po&ition 


&4 


holds 




X, 


or 


V? 




m 


in position 


6S 


holds 




E, 




or 


S; 




in position 


68 


holds 


D, 


H, 




or 






in position 




holds 


A, 


S, 


or 


T; 






in position 


70 


holds 




or 


Y; 








in position 


71 


holds 


A, 


or 


G; 








in position 


72 


holds 






or 








in position 


73 


holds 


A, 


or 


G; 








in positiors 


74 


hoMs 


A, 


or 


F; 








in position 


75 


holds 


A, 




T, 


or 







in 


position 


79 


holds Cf 


or T; 








an 


position 


B2 


holds B, 


or * ; 








in 


position 


08 


holds A, 


<J.< 


or 






in 


position 


90 


holds r\ 


or Y; 








in 


position 


5>K 


holds A, 


or 








in 


pos i t i on 


9 3 




0, or 








in 


position 


95 


holds Ef 


or t; 








in 


position 


95j 


holds P 


or *} 








in 


position 


96 


holds Bf 


or Tf 








in 


positios 


9? 


hoMs A, 


Qf or 


^1 






in 


position 


BB 


holds A# 


or 








in 


position 


§9 


holds 


or 








in 


position 


3.04 


holds L 


or M? 








in 


position 


106 


holds F 


or V; 








i« 


position 


110 


holds 


or 








in 


position 


ill 


holds t 


T, or 








in 


position 


113 


holds G 


or 








in 


position 


115 


holds L 


or V; 








in 


position 


116 


holds G 


Q, or 


S? 




m 


in 


poo it. ion 


ai« 


holds G, 




or 






in 


positioj) 


119 


holds H, 


or 


a? 






in 


position 


12$ 


holds hf 


or V; 








in 


position 


131 


holds A, 


1> or 








in 


position 


132 


holds A) 


P, or 






m 


in 


position 


133 


holds 


K, H, 


or 




in 


position 


134 


holds A, 


or G; 








in 


position 


138 


holds E, 


or Q; 








in 


position 


145 


holds 


D, 


or 






in 


position 


146 


holds 


or R ; 








in 


position 


150b ho'ids; / 


, c.:-r * 








in 


position 


152 


holds 


or S? 








in 


position 


153 




K, L, 


or 






in 


position 


163 


holds L, 


V f or 







IDS 



in 


position 


166 


holds 


G, 


or 


S; 




in 


position 


XS9 


ho Ms 


F, 


or 


W? 




in 


position 


X70 


hoMs 


F, 


or 


R; 




in 


position 


171 


holds 


A, 


^< 


or 


¥ 


in 


position 


172 


holds 


D> 




or 


S 


in 


position 


173 


holds 


K, 


or 






in 


position 


174 


boids 




H, 


or 


W 


in 


position 


177 


holds 




or 






in 


position 


17 S 




D, 


or 


P| 




in 


position 


179 


holds 


N, 


or 


V? 




in 


position 


180 


holds 


L, 


or 






in 


position 


IBJ 


holds 


I, 


or 


L; 




in 


position 


196 


holds 


I, 


K, 




H 


in 


position 


197 


holds 


s, 


or 


T. 





IS 

24, h csIXulas® variant having an alterea «nion t«n»i4e 
sm^sitivity, and which variant ist from a parental celiulas^ by 
sutostitution, insertion and/or deletion at one or more of the 
following positions; 2, 4, 7, 10, 13, 15, 19, 20, 31, 25, 

£0 26, 29, 32, 33, 34, 35, 37, 40, 42, 42a, 43, 44, 48, 51, 54, 

S5, 58, S9, 63, 64, 65, 66, 67, 70„ 72, 76, 79, 80, S2, 84, 86, 
SS, SO, 91, 53, 95, 95d, 95h, 95j, 97, 100, 101, 102, 103, 113, 
114, 117, 119, 121, 133, 136, 137, 138, 139, 140a, 14.1, i43a, 
145, 146, 147, 15Q«5, 150j, 151, 152, 153, 154, 155, 156, 157, 

2B ISS, 159, 160c, 160©, 160k, 161, 3 62, 164, 165, 168, 170, 171, 
172, 173, 175, 176, 181, 183, 184, 185, 186, 18B, 191, 

192, 195, 196, 200, and/or 201 (cslXuXase nujnbering) . 



25. A c^liulass variant, in which variai^t an asaino acid residue 
30 has been substitutea. at on«! or laors of the following positions: 
1?, as^ SS S7, m, and/or 89 (celiuiase nuisbering) , 

26- A MuMcola. insoJ&nst EGV variant, in which one or more of 
the following j»istations have been introduced: D42W, D42Y, or 
m mm. 



27, A Thi^lavist t©rr«iSfcri« c^Xlulase variant, in which variant 
on® or more of the following ssutatiom have been introduc^dt 
P1§A. Q44K, iJ48E, Qll^H or Q146 

28, The tTMeiavia t©rr#«tris /Qli^H variant, 

29, A P&^&udomonas fluoresc^ns: celiuia««i variant^ in which 
variant one or Bore of the following mutations hav« b-^en 

10 ir.troduceci: !^4H, HISS, Nll^Q or QI46R, 

30, « Crii-iipeiiij? scaijeiia celiulase variant, in which one? or 
a^ore of the foi lowing siutations bave been introauced ; V4R, 

1^132^*, Q133D or Q146R. 

IS 

31, A method for improving the pro|>«frties ot a ceiluiolytic 
«n^p8e by astino aci4 suhstittstiosi^ deietion or insertion, the 
method cosjprising the st«sps of ?: 

a. comtructing a muitipl® atlignjaent o£ at l«ast two amino acid 
isequences known to have three-aiiaensiondl structures siTsilar to 
enaoglucanas® {E<SV) from Bumicol^ xnsolens known from Protein 
Data Bank entry 4S^G? 

b. cojtstructing a homology-feuilt throe-dijaensional structure of 
the caliulolytic ensysse based on the structures of the EGV? 

c. idsjntilyin^ .sr?u.no acid residue positions present in a 
distance fro«- the substrate binding cleft ot not. rsore than sA? 

dv identifying surf ace-exposea ajuino acid residues oi; the 

identifying all charged or potentially charged mim 
residue positions of the ensy^e? 
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f . choosing one or ^ore positions w&ersin th<s aatino acid 
residue is to tee substittstsd , d^l«t©d or wh®r« an insertion is 
to foe prcsfided? 

g. carrying out. tho sabstition, deletion or insertion fey «sin<g 
conventiona.] prot:,«!ir; enginearanq techniques, 

32. Tha inethod according to claims 33, wherein step f. is 
carried out by choosing positions which ^ v^s a result of the 
alignsj^nt of step carry th^ sasjs aisino acid residue in a 
jsajority of th© aiigned sequencer, preferably in at least 63% 
ist thm aiigsisfd sastuenc«sss , 

33. The method accords ing to olatim 32, vherein step t is carried 
out by choosing positions which, In the aliened sequences, 
carries different amino acid residues, 

34. A jsethod of imirovina the specific activity of a natisrally 
occt^rring parental lulass<v- by carrying out a substition^ 
delation or insertion at asino acid rs>sidue positions present 
in a distance i:roa5 the substrate binding cl<e.ft of not more than 
sk, 5^^oro preferably not jsore than 3i, eveiv isore preferably not 
more than 2 . sl,. 

35 » A jsethod of altering the pH activity profile, t:he pH 
activity optimtrs, the pH stability profile, or the pH stability 
optisatisj of a naturally occurring parental ceiltilase by altering 
the electrostatic ei^vironment «tithisr locally or glctoaily toy 
carrying out a s^fostition, deletion or insertion at amino acid 
residue positions present either in a distance from the 
s\sfestrate binding cleft of not ^ors tfear^ SA, i»ore preferably 
not siore than even more preferably not Siore than 2.si or at 
surface-expostMi amino acid residue isositions of the enzyjse; 
preiierably by a stibst itution involving a charged or potentially 
charg.^d residue, this residue either being the original residue 
or the replacement residue. 



36, h sa^thoa of altering the stsifeali.t.y of a naturally occurr 
parejstal c®ll\3la^e In th^ pr«sersc« of an anionic tenside or 
anionic aatergent coaiponemt by aiter.irj<? the electrostatic 
environsfi^r^t either locally or globally by carrying out a 
substltion, deletion or insertion at one or jsore surface- 
exposed amino acid residue positions of the enjayme. 
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features" i.e. feafurss that defme a conmbuuon which ssch of the inv^mton^ rt<ak«s over ^jior 
m 

A search for tlm "special technical featufe" memSotted in PCX Rule ! 3 2 among the mds- 
pe«deni claims did mt rev«ai such a uni^iag tsovel techruc&i feature 

it !s noj clesf from the cUim$ or the descripiton which the spedal tgchnica] festuses ar* ftx8«pt 
for 5h« method of zhhi 3 1 . Accordingly it is suggested that th« application consists of the 
&no»ifjg iRveniions, 

1 Claims i -4, 11-19, 23 and 25-34 

dirscted to a snethod of improving the properties of a celblolytic esi2>tr.e and vaaaejs of 
thst enzy«je. The kdefijyte pm b dkected to mutsste s specis! group of p«f«nt 
cellufeses so get sew'odlul^es v«th improved washing properttes. Is view of tfeat tt Is 
already known to fsume oeiluiases to get "better" cellulasfes <$e<i e g. WO 93/24471). 
TIas camsot fee considered to be a specml techdcal feature that nisk«s a comnbution 
over prior art, tfeereby IblMingthe reqmremests of PCX Kuh 13.2 r«gafding xinity of 
inveaHon. The mventive feature seems to cossist of oomparitsg the three - dtmetisiional 
sSmctufs of sellulaseis and identi^sttg charged m&m acids pres«Jt h a distance fn>tK the 
substrate ch& of not tnore than 5 A Some of these amino acids should then be substituted 

directed to eelbN$e variants holding disulfide bridges; 

m cuims 20-22 

directed io c«Iiu?sse variants where om m more atniiio acids residues have beest changed 
into a conserved, ammo acid residue. The residue is choosen by comparing the atjano 

acid sequences of table ?, 

directed 10 cdkslase variants having sn aUsred anion tenside s^nsinvKy 

V a&m 25 

dsi-ectfid ;o celiuisse vananJs where ar. ssjtirio acid hs-s boen substituted s; om oj-c- nKjrs of 
the following positions; 17, 85, 86, 87, $g and 89. 

VI Cl:asm35 

dtrscTcd to a method of altering the pH activity profile 

Vii Oait^i 36 

directed to a method of altering the stability of<5 ceilulase, 

stivetttions IV, V, VI md VII. casi be searched at tiiC mnm time, the jstxiiatiotj otdy covets 3 
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